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IV.  PREFACE 


Inis  report  is  subdivided  into  parts  1  and  2  in  order 
to  lend  equal  emphasis  to  both  the  laboratory  program 
and  the  program  support  efforts.  Part  1  addresses  the 
laboratory  effort  and  test  results.  Part  2  details 
the  support  work  preceding  the  laboratory  program, 
specifically:  development  of  the  laboratory  break-in 
procedure  and  traceabi 1 i ty ,  calibration,  and  verifi¬ 
cation  of  the  measurement  system.  The  appendix  con¬ 
tains  the  data  for  Part  2. 


2  Channels 

Parallel  PCD  h  Digits  per  Channel 
Ca I i bra t i on 

Calibration  of  the  working  instruments  described  in  part  2.0 
for  the  most  part  were  conducted  using  the  DAS  as  the  readout 
device.  There  were  however  two  exceptions.  The  frequency 
counters  were  individually  calibrated  prior  to  use  and  digi¬ 
tally  transferred  reading  to  the  DAS.  The  torque  shaft  was 
calibrated  using  the  readout  in  the  signal  conditioning  am¬ 
plifier  used  to  excite  the  torque  shaft  strain  gage  bridge, 
following  calibration,  a  precision  resistor  was  placed  across 
the  bridge  and  the  output  recorded.  When  using  the  DAS,  the 
signal  conditioning  amplifier  gain  was  adjusted  to  obtain  the 
same  reading  as  at  calibration  time  when  the  precision  resis¬ 
tor  was  again  placed  across  the  torque  shaft  bridge. 

Traceability  Statements 

Pressure  -  Pressure  is  traceable  to  N.B.S.  through  an  Ashcroft 
dual  range  dead  weight  tester  type  1305,  certificate 
of  accuracy  no.  2GH-21398  from  Manning,  Maxwell  and 
Moore,  Inc.,  Stratford,  Conn,  dated  March  30,  1978. 
Accuracy  is  certified  to  one  tenth  of  one  percent. 

Volume  -  Volume  is  traceable  to  N.B.S.  through  Seraphin  5  gallon 
and  1  gallon  test  measures,  through  the  Wisconsin  Dept, 
of  Agriculture  Weights  and  Measures  Laboratory.  Wisconsin 
Test  No.  816,  dated  February  2,  1978. 

Temperature  -  Temperature  is  traceable  to  NBS  through  a  Fisher 
Scientific  Thermometer ,  S/N  673650,  through  the 
Wisconsin  Dept,  of  Agriculture  Weights  and  Measures 
Laboratory.  Wisconsin  Report  No.  816,  dated  Feb¬ 
ruary  2,  1978. 

Frequency  -  Frequency  is  traceable  to  NBS  thru  the  ABC  Television 
Network  (West  coast)  and  N.B.S.  Time  and  Frequency 
Bulletin  No.  250,  September  1978.  Accuracy  is  certi¬ 
fied  to  3  ppm. 

Force  -  Force  is  traceable  to  NBS  thru  two  Lebow  load  cells,  Ser¬ 
ial  No.  517  and  518.  Accuracy  is  guaranteed  to  within 
+  .07  on  their  certificated  dated  July  27,  1978. 

length  -  Length  measurements  are  traceable  to  N.B.S.  thru  the 
Wisconsin  Dept,  of  Agriculture  Weights  and  Measures 
Laboratory.  Wisconsin  Report  No.  868,  dated  September 
7,  1978. 


f  i  ow 

LJ .  3  cu.  in. /rev  P.D.  Flow  meter  with  12G  tooth  gear  - 
magnetic  sensor  driving  a  frequency  counter 

H.  cu.  in. /rev  P.D.  Flow  meter  with  80  tooth  gear  - 
magnetic  sensor  driving  a  frequency  counter 

Speed 

6C  tooth  gear  with  magnetic  sensor  driving  a  Simpson 
frequency  counter 

f requency  Counters 

Simpson 

Model  No.  7016 
=1  Flow  Rate  S/N  03869 
Shaft  Speed  S/N  03874 
Parallel  DCD  Output  10  Digits 

Particle  Counter 

Hiac  Model  PC  305SSTA  S/N  403 
Sensor  Model  D-5-1S0  S/N  471 
Automatic  Bottle  Sampler 

Data  Acquisition  System 

A  Monitor  Labs,  Inc.  Model  9300  data  acquisition  system  (DAS)  was 
used  for  all  data  collection  in  the  test  program.  Output  from 
the  DAS  was  transmitted  to  a  teletype  which  produced  a  hard  copy 
of  the  data  and  punched  a  paper  tape  which  later  was  entered  into 
a  time-shared  computer  for  data  processing.  Specifications  of 
the  system  are  as  follows: 

A.  General 

Monitor  Labs,  Inc.  DAS 
Model  9300 
S/N  70 

Channel  Programmable 

Internal  Scan  Rate  16  Channels/sec 

S  Significant  Digits 

8.  Analog  Signal  Inputs 
40  Channels 

Voltage  Range  Fixed  +  10VDC 
i  V  sens  i  t  i  v  i  ty 

Temperature  Type  .),  K,  or  T  Thermocouples 
Automatic.  Reference  Junction  Compensation 


i  .1 

■  If 


lest  Apparatus 


1.5.1  List  of  Measurement  and  Support  Instrumentation 

Information  on  calibration  procedures  and  error  limits  for 
the  instrumentation  listed  below  may  be  found  in  part  2.0. 
Detailed  calibration  data  appears  in  the  appendix. 


Torque 

2000  IN-LB  Himmelstein  Torque  Shaft,  11. 6K  shunt  calibration 
resistor 

Daytronics  strain  gage  indicator  Model  Number  3278 

S/N  1 

Daytonics  MS0E/N-11741  two  channel  strain  gauge  amplifier 

Model  Number  300D 
S/N  HF9E1678 


Pressure 

A.  Inlet  +/-  5PSID  -  range 

Pace  +/-  5  psid  pressure  transducer  M/N  KP15 

S/N  12752 


Pace  amplifier  M/N  CD25 

MSOE  #  11730 


B.  Outlet 

Viatran  0-5000  psig  pressure  transducer  M/N  218-15 

S/N  328176 


F P I  Power  Supply  f>3 
I  empera  ture 
A.  Inlet 

F P I  «Q  I  ron-Const.antan  thermocouple 
F P I  »0A  I ron-Constantan  thermocouple 

3.  Outlet 

I  PI  31  I ron- Cons tantan  thermocouple 
F F I  »1A  I ron-Constantan  thermocouple 
FPI  «1B  I ron-Constantan  thermocouple 
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dustrial  standard  does  not  specify  the  metnou  uy 


Minimum  psi  for  2  minutes 

100'*  of  maximum  constant  rated  pressure  for  2  minutes 


Minimum  psi  for  2  minutes 

115  of  maximum  constant  rated  pressure  for  2  minutes 

Minimum  psi  for  2  minutes 

At  each  data  point  record  input  speed,  torque, 
temperature,  pressure  and  outlet  temperature, 
pressure  and  flow. 

5.  Run  the  Dump  for  two  hours  at  constant  rated  speed  and  an 
outlet  pressure  of  maximum  constant  rated  outlet  pressure. 
Monitor  and  record  input  speed,  torque,  temper¬ 
ature  and  outlet  pressure,  temperature,  and  flow 

every  two  minutes  to  determine  changes  in  the 
overall  efficiency. 

6.  At  the  conclusion  of  the  two  hour  test,  take  an 
oil  sample  to  determine  the  contamination  level 
of  the  system. 

Instrumentation  and  Test  Parameter  Accuracy  -  NFPA  T3.9.17R1 

The  accuracy  tables  1  and  2  of  NFPA  T3.9.17R1  were  used 
as  a  basis  for  determining  the  measurement  system  for  this 
test  program.  The  values  are  being  contested  by  industry, 
and  a  survey  of  T3.9.17  members  is  being  conducted  to  obtain 
current  estimates  of  more  acceptable  tolerance  limits. 

Reference  Standards 

1.  NFPA  T3.9.17R1  Proposed  Method  of  Testing  and  Presenting 
Basic  Performance  Oata  for  Positive  Displacement  Hydraulic 
Fluid  Power  Pumps  and  Motors. 

2.  NFPA  T2. 9. 1-1972,  ANSI  B93. 19-1972  Method  for  Extracting 
Fluid  Samples  from  the  Lines  of  Operating  Hydraulic  Fluid 
Power  System  foc^Particulate  Contamination  Analysis. 

3.  NFPA  T2. 9.2-1972,  ANSI  B93. 20-1972  Procedure  for  Qualifying 
and  Controlling  Cleaning  Methods  for  Hydraulic  Fluid  Power 
Fluid  Sample  Containers. 

4.  NFPA  T2. 9. 6-1972,  ANSI  B93. 28-1972  Method  for  Calibration  of 
Liquid  Automatic  Particle  Counters  Using  AC  Fine  Test  Dust. 

6.  NFPA  T2. 9. 3-1973,  ANSI  B93. 30-1973  Method  of  Reporting 

Contamination  Analysis  Data  of  Hydraulic  Fluid  Power  Systems 

6.  SAf .J 745C- 1970  Hydraulic  Power  Pump  Test  Procedure. 


Bi 


fe 

;> 

► 

V* 

l[  Minimum  psi  for  2  minutes 

r.  72®  of  maximum  constant  rated  pressure  for  2  minutes 


^  Minimum  psi  for  2  minutes 

■  110%  of  maximum  constant  rated  pressure  for  2  minutes 

h 

!  Minimum  psi  for  2  minutes 

•  ;  115%  of  maximum  constant  rated  pressure  for  2  minutes 


Minimum  psi  for  2  minutes 

At  each  data  point  record  input  speed,  torque,  temper¬ 
ature,  pressure,  and  outlet  temperature,  pressure  and 
flow. 

7.  Run  the  pump  for  two  hours  at  constant  rated  speed  and 
maximum  constant  rated  outlet  pressure.  Monitor  arid  record 
input  speed,  torque,  temperature,  pressure  and  outlet 
temperature,  pressure,  and  flow  every  two  minutes  to 
determine  changes  in  overall  efficiency. 

8.  At  the  conclusion  of  the  two  hour  test,  take  another 
oil  sample  to  determine  the  contami nation  level  of  the 
system. 

Co ntam inated  Fluid  Break-In  Procedure 

1.  Use  the  fluid  conditioning  circuit  (Figure  1.5.13)  to 
bring  the  system  up  to  an  operating  temperature  of  120°F. 

2.  Add  uncut  AC  Fine  Test  Dust  to  the  system  and  take  oil 
samples  until  the  contamination  level  is  1500  +  250 
particles  per  millilitre  greater  than  10  micrometres. 

Run  with  filters  out  of  the  circuit.  (Do  not  operate  the 
test  pump. ) 

3.  Start  the  test  pump  and  bring  the  speed  up  to  rated 
within  one  minute  and  maintain  an  outlet  pressure  less 
than  250  psi . 

4.  Load  the  pump  af  the  following  pressure  increments  and 
time  intervals.  (Do  not  readjust  the  speed  for  each  load 
pressure.)  The  time  interval  between  each  pressure  setting 
is  one  ( 1 )  minute. 

Minimum  psi  for  2  minutes 

24%  of  maximum  constant,  rated  pressure  for  2  minutes 

Minimum  psi  for  2  minutes 

48%  of  maximum  constant  rated  pressure  for  2  minutes 

Minimum  psi  for  2  minutes 

72*.  of  maximum  constant  rated  pressure  for  2  minutes 
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1.4  Test  Requirements: 

1.4.1  Development  of  the  Break-In  Test  Procedure  for  Gear  Pumps 

The  results  of  the  gear  pump  break-in  procedure  survey  were 
analyzed  to  develop  a  common  break-in  procedure  for  all  eighteen 
gear  pumps.  The  procedure  for  all  eighteen  gear  pumps  was 
identical  except  for  the  contamination  level  of  the  fluid. 

Twelve  of  the  pumps,  four  from  each  manufacturer  were  broken- 
in  using  clean  fluid  with  a  contamination  level  of  100  parti¬ 
cles  per  millilitre  greater  than  ten  micrometres.  The  remain¬ 
ing  six  pumps,  two  from  each  manufacturer  were  broken-in  using 
dirty  fluid  with  a  contamination  level  of  1500  particles  per 
millilitre  greater  than  ten  micrometres.  The  procedures  de¬ 
veloped  were  as  follows: 

Clean  Fluid  Break-In  Procedure 

1.  Install  the  test  specimen  pump  in  test  circuit  shown  in 
Figure  1.5.14.  Before  starting  the  test,  take  an  oil  sample 
to  determine  if  the  contamination  level  is  100  or  less 
particles  per  millilitre  greater  than  ten  micrometres. 

2.  Use  the  fluid  conditioning  circuit  (Figure  1.5.13)  to  bring 
the  system  up  to  120°F  operating  temperature.  (Do  not 
operate  the  test  pump. ) 

3.  Start  the  test  pump  and  bring  the  speed  up  to  rated  speed 
within  one  minute  and  maintain  an  outlet  pressure  less  than 
250  psi . 

4.  Leave  the  pump  run  for  twenty  minutes  with  the  filters  out 
of  the  system,  then  take  an  oil  sample  to  determine  the  roll 
off  cleanliness  level  of  the  pump. 

5.  Put  the  filters  in  the  system  and  continue  running  the  pump 
at  rated  speed  with  an  outlet  pressure  less  than  250  psi  for 
twenty  minutes  to  clean  up  the  system.  Take  an  oil  sample 
to  determine  if  the  contamination  level  is  within  specifi¬ 
cations.  Leave  the  filters  in  the  circuit  for  the  remainder 
of  the  break-in  test. 

6.  When  the  contamination  level  is  within  specified  limits,  load 
the  pump  at  the  following  pressure  increments  and  time  inter¬ 
vals.  Set  speed  initially  at  rated  speed  and  minimum  pressure 
(Do  not  readjust  the  speed  for  each  load  pressure.)  The 

time  interval  between  each  pressure  setting  is  one  (1)  minute. 

Minimum  psi  for  2  minutes 

24%  of  maximum  constant  rated  pressure  for  2  minutes 

Minimum  psi  for  2  minutes 

48%  of  maximum  constant  rated  pressure  for  2  minutes 


] .  2  Test  Objecti ves  : 

1.2.1  Primary  Objectives 

A.  To  prepare  and  sponsor  a  current  revision  to  NFPA 
T3.9.17,  Pump  and  Motor  Test  Procedures. 

B.  To  prepare  a  proposal  for  revising  the  Fluid  Power 
Measurement  Methods  of  ISO/TC-1 31/SC-8/WG-3. 

1.2.2  Secondary  Objectives 

A.  To  bring  into  consonance  the  needs  of  the  U.S.  Army, 
Industries  technological  capabilities  and  current  thinking 
in  the  International  Standards  arena. 

B.  To  investigate  the  extent  to  which  gear  pumps  undergo 
irreversible  degradation  of  efficiency  in  the  first  few 
hours  of  their  lives. 

C.  To  investigate  the  extent  to  which  heavy  doses  of  contaminant 
at  break-in  time  will  affect  and/or  expedite  degradation 

of  efficiencies. 

D.  To  prepare  test  procedures  which  will  accurately  and 
repeatably  assess  the  performances  of  pumps  in  view 
of  today's  energy  conservation  needs. 

E.  To  estimate  the  spread  in  performance  efficiencies 

which  can  be  expected  among  several  samples  of  conventional 
commercial  gear  pumps. 

F.  To  investigate  realistic  U.S.  Army  acceptance  criteria  for 
pump  performance  efficiency. 

G.  To  set  up  required  measurement  procedures  and  certify 
working  instruments. 

1.3  Component  Description 

The  eighteen  gear  pumps  tested  were  coded  by  arbitrarily  selecting 
numbers  from  a  random  number  chart  in  order  to  maintain  confiden¬ 
tiality  of  the  program  participants.  These  numbers  were  then  stamped 
on  identification  tags  and  attached  to  the  individual  pumps.  In  the 
process  of  testing,  the  code  numbers  were  used  to  segregate  the  data 
collected.  The  three  industrial  contributors  (final  selection  made  by 
U.S.  Army  MERADCOM)  each  contributed  6  nominally  identical  gear  pumps 
which  were  commercial  industrial  equivalents  to  pumps  supplied  to  the 
U.S.  Army  for  application  on  military  equipment.  The  range  of  component 
specifications  were  as  follows: 


Pressure 

.  1PSJ1 

2500-3000 


Speed  Displacement 

(RPM)  _ (in3) 

2800-3000  2.8-3.16 
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INTENTIONALLY  BLANK 


1.3  A  total  of  18  gear  pumps  were  solicited  from  each  of 

3  different  manufacturers  at  no  charge  to  MSOE  in  exchange 
for  test  reports.  Each  of  the  6  pumps  contributed  to  the 
program  from  each  manufacturer  were  standard  production  pumps. 

The  U.S.  Army  (MERADCOM)  selected  the  contributors  from  a  list 
of  manufacturers  indicating  an  interest  in  participating  in 
the  program.  The  following  contributors  were  selected: 

Company  Name:  Hydreco 

A  unit  of  General  Signal 

Address:  9000  E.  Michigan  Avenue 

Kalamazoo,  Michigan  49003 

Technical  Contact:  Joe  Lemon 

Project  Engineer 


Company  Name: 
Address : 

Technical  Contact: 


Sperry  Vickers  -  North  American  Group 

Troy,  Michigan  48084 

Ron  Imperati 
Director  of  Engineering 


Company  Name: 


Address : 

Technical  Contact: 


Sta-Rite  Industries,  Inc. 
Fluid  Power  Division 
Webster  Electric  Co.,  Inc. 

1900  Clark  Street 
Racine,  Wisconsin  53403 

Glenn  Hubbard 
Manager-Forward  Planning 


1.4  Mail  Survey  Respondents 

The  gear  pump  manufacturers  who  responded  to  the  Break-In 
Procedure  Mail  Survey  are  acknowledged  below.  Details  of  the 
survey  may  be  found  in  part  2.0,  section  2.2.  Without  their 
valuable  input,  a  general  gear  pump  break-in  procedure  could 
not  have  been  developed. 

1.  Dana  Corp.  -  Hillsdale  Hydraulics 

2.  Sperry-Vickers 

3.  Parker-Hannifin  Corp.  -  Mobile  Hydraulics  Div. 

4.  Hydreco 

5.  Roper  Pump  Co. 

6.  Ross  Gear  -  Division  of  TRW 

7.  Fluids  Control  Division  -  LFE  Corp. 

8.  FMC  Corp.  -  Northern  Ordance  Div. 

9.  MTE  Hydraul i cs ,  Inc . 

10.  Weatherhead  Co.  -  Subsidiary  of  Dana  Corp. 

11.  Webster  Electric  Co.,  Inc.  -  Sta-Rite  Industries 

12.  Hydraulic  Products,  Inc. 

13.  Prince  Manufacturi ng  Corp. 


-4- 


LOCK  DIAGRAM  OF  OVERALL  PUMP 
INVESTIGATION  PROGRAM 
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PART  1.0  LABORATORY  PROGRAM 


1.1  Introduction: 


1.1.1  Contents  and  Authorization 

This  interim  report  summarizes  the  results  obtained  in 
evaluating  gear  pump  efficiencies  during  the  first  few 
hours  of  the  pumps  lives.  This  concludes  the  initial 
phase  of  the  program  to  investigate  pumps  described  in 
the  following  section. 

The  authorization  for  this  program  effort  set  forth  in 
MSOE  Fluid  Power  Institute  unsolicited  proposal  entitled 
"A  Proposal  to  Evaluate  Hydraulic  Pump  Efficiencies  During 
The  First  Few  Hours  of  the  Pumps  Lives",  dated  May,  1977 
was  awarded  on  30  September,  1977  under  contract  number 
DAAK7  0-77-C-0214. 

1.1.2  Objectives  of  Contract 

The  overall  program  objectives  are: 

1.  To  prepare,  implement,  and  validate  a  current  version 
of  NFPA's  T3.9.17R1  Pump  and  Motor  Test  Procedure. 

2.  To  determine  the  degree  of  correlation  between  the 
endurance  test  method  in  MIL-P-52675  and  the  high 
cycle  rate  durability  test  method. 

3.  To  determine  if  the  durability  test  method  will  serve 
as  an  acceptable  accelerated  life  test  to  replace  that 
procedure  contained  in  the  current  version  of 
MIL-P-52675. 

4.  To  implement  and  validate  those  measurement  procedures 
prepared  by  the  Milwaukee  School  of  Engineering  for 
the  U. S.  Army  under  contract  number  DAAG53-76-C0036. 

The  means  by  which  these  objectives  are  to  be  accomplished 
i s  shown  i n  figure  1.1.1. 

The  objectives  of  the  effort  reported  herein  support  1.  and 
2.  of  the  overall  program  objectives  and  specifically  for 
this  phase  were: 

1.  To  evaluate  Industry  efforts  of  hydraulic  pump  break-in 
procedures  upon  the  MSOE  measured  value  of  overall  efficiency 
on  a  selected  sample  of  18  commercial  grade  gear  pumps. 

2.  To  study  the  nature  of  and  the  degree  to  which  the  overall 
efficiency  migrates  during  the  first  few  hours  of  the 
pumps'  lives. 

3.  To  determine  the  degree  to  which  moderately  heavy  doses 
of  AC  fine  test  dust  affect  the  above. 
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BLOCK  DIAGRAM  OF  MEASUREMENT  SYSTEM 
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11  test  parameter  m«  *o  s  u  r'tMiioii  ts  (torque,  pressure ,  .  i  >.  m  *r  i ,  f  |nw, 

nil  it  n>|>< *r«»  Lure )  were  recorded  usinq  i.he  data  u  quit  i  t, ion.  Hard 
opy  of  the  recorded  values  was  obtained  usinq  a  Teletype  terini- 
al.  Photos  of  test  instruments  follows. 
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DATA  ACQUISITION  sYSTIM 
AND  SUPPORTING  INSTRUMENTATION 


Data  acquisition  system  on 
the  riqht  with  Day tronics 
torque  shaft  amplifier  on 
top.  At  left  are  the 
frequency  counters  used  as 
readouts  for  flow  rate  and 
shaft  speed.  BCD  output 
from  counters  transmitted 
data  to  DAS.  In  the  middle 
are  the  Pace  and  Viatran 
pressure  transducer  power 
suppl i es . 
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injure  l.b.4 
FLOWMETER 

Flowrate  was  measured  us  me  a 
positive  displacement.  flowmeter 
with  a  frequency  output.  Pictured 
is  the  FPI  IG  cu.  in/rev  flowmeter. 
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Figure  1.5.6 

PRESSURE  AND  TEMPEARTURE  TRANSDUCERS 


'tin*  cine)  temperature  measurements  were  made  at  the  inlet 
Hitlet  of  the  test  pump.  The  hose  leading  to  the  inlet 
ie  pump  was  insulated  to  reduce  tempera ture  fluctuations 
increasing  and  decreasing  the  pressure  at  the  outlet. 
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HYDKAUl  R  I'tJuILK  SUfM’l  Y  1  ( TJ  F KUI 
CONSOLt 

The  300  H.P.  nun  n  control 
console  was  used  to  start.,  ■  to 
and  monitor  the  output  of  ih. 
supply  pump  supplying  power  to 
the  drive  motor. 
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FPI  HYDRAULIC  SCHEMATIC  FOR  300  HP  TEST  SUPPLY 


Figure  1 . 5 . 1 C 


*  *  if  I  .11  ill'/  1/oM  r  1  p  1 1  on 

. ' i •  ;  •  ■  i  .  i  n  n  i  I.  consisted  of  <i  hydraul  ic  - i r  i  v < -  inut.or  «. < >uc  i  ed 

'  r.  tin  i, ',i.  m,iii|i  thru  the  torque  shaft.  Power  t.o  the  drive 
•  or  w.i  .  >  t  j  j  i[  1 1  i  et!  t>y  (Pi's  TOO  H.P.  nui  i  n  hydraulic  supply. 

|  :  ■  i  .o'  .mi  r  >lief  valve  was  used  to  control  pump  load  pressure. 

’»  . .  fluid  condi  tioning  circuit  consisiinq  of  a  cirui- 

i-itm'i  ;  >ui;i!  > ,  electrical  heater  and  heat  exchanqer  was  iir-tal- 
e  'o  ••■■foolish  the  required  fluid  temperature  and  contamination 
»■■■  .0  en  M)  break- in  testiriq. 
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Tf  ST  CIRCUIT  AND  COMPONENTS 


•'  1  're  snnwinq  drive  motor  coupled  to  test 
tiinj  torque  shaft.  The  relief  valve  was 
■  e  ■!  .  e.ntrol  pump  load  pressure. 
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M.UID  CONDITIONING  SYSTEM 


<  ■  m<  i  syctein  con^is  tint)  of  reservoir  with  conically 
•  '  'i-'r,  strainer,  and  electrical  heater  At  a>  tr^me 
■  t  r  i  •  ■  r  of  ntinfo  n  the  c  1  rcti  I  a  t  i  n«i  pump.  it.', it 
ji-  itil")  wo'-  mounted  vertically  to  the  Pact.  of  the 
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.5.8  Schematic  of  fluid  condit 
red  fluid  temperature  and  cont 


I.b  Gear  Pump  Test  Procedure 

1.6.1  I  ntroduc  ti on 

Before  the  eighteen  gear  pumps  supplied  by  industry  were  tested, 
the  test  system  was  gualified  using  one  of  FPI's  gear  pumps.  Both 
the  hydraulic  circuit  and  the  instrumentation  system  were  qualified 

1.6.2  Hydraulic  Circuit  Qualification 

A  twenty  gallon  cylindrical  shaped  reservoir  with  a  conical  bottom 
was  used  to  insure  that  no  contaminant  could  settle  to  the  bottom. 

A  diffuser  was  installed  in  the  center  of  the  reservoir  just  below 
the  oil  level  which  created  a  mixing  action  inside  the  reservoir 
to  keep  the  contaminants  in  uniform  suspension.  A  separate  fluid 
conditioning  circuit  was  incorporated  into  the  main  hydraulic 
circuit  for  heating  or  cooling  the  oil  and  to  control  the 
contamination  level.  A  three  micrometre  nominal  filter  was  used 
in  the  fluid  conditioning  circuit  with  a  bypass  valve  so  the 
fluid  could  be  either  routed  through  the  filter  or  around  it. 

When  the  fluid  bypassed  the  filter,  it  went  through  a  sixty 
micrometre  strainer  to  remove  the  large  particles.  The  sample 
tap  was  installed  in  an  elbow  in  the  return  line  after  the  filter 
and  strainer. 

To  qualify  the  system,  the  fluid  conditioning  circuit  and  the  FPI 
pump  were  run  for  several  hours  with  the  filter  in  'the  circuit. 

Oil  samples  were  taken  at  selected  intervals  to  monitor  the 
stability  of  the  contamination  level.  The  system  was  contaminated 
with  AC  Fine  Test  Dust  to  the  level  required  for  the  contaminated 
fluid  break-in  and  allowed  to  run  for  several  hours  with  the 
filters  out  of  the  circuit.  Oil  samples  were  taken  at  selected 
intervals  to  monitor  the  stability  of  the  contamination  level.  The 
thermal  stability  of  the  system  was  also  monitored  during  this  time 
Qualification  results  are  shown  on  page  28,  figure  1.6.1. 

1.6.3  Instrumentation  System  Qualification 

The  transducers  and  their  related  equipment  listed  in  part  1.5.1 
and  calibrated  as  described  in  parts  2.4  through  2.8  of  this  report 
were  installed  in  the  test  circuit,  figure  1.5.14.  The  outputs 
from  all  the  transducer  amplifiers  were  connected  to  a  single 
data  acquisition  system  which  was  completely  controlled  by  the 
operator.  The  data  acquisition  system  was  used  as  an  interface 
device  to  output  data  from  the  transducer  amplifiers  onto  a  paper 
tape  and  teletype.  The  paper  tape  with  the  raw  data  was  fed  into 
a  Burroughs  computer  for  processing. 

Calibration  of  the  instrumentation  system  was  verified  before  and 
after  the  break-in  test  on  each  gear  pump.  The  FPI  gear  pump  was 
installed  in  the  test  circuit  to  check  out  the  operation  of  all  the 
transducers,  data  acquisition  system,  and  the  teletype  before 
testing  the  eighteen  gear  pumps  supplied  by  industry. 

1.6.4  Deviations  from  Test  Requirements 

The  actual  test  procedure  followed  is  as  presented  in  section 
1.4.1  of  this  report  for  break-in  of  the  gear  pumps. 
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IRCuil  CONTAMINATION  LEvEL  STABILITY  AFTER  ADDING. 


5  GRAMS  OF  UNCUT  ACFTD  I  .A  IhE  FIRST  75!  MINUTES 


Mobil  De 1  vac  12)0  at  )20CF  ; 

Sysbeo-.VojUwMj:  .25Ga ). . i.  . 

Flow  Rate;  30  gpra.  !  : 

Pump  Qutlpt  Pressure-::  200  psM 
Filters-  opt  of  the  Circuit  i 


-  C/1'  I  i  L  Break-in  arid  Two  Hour  Run 
Method  of  Data  Process  ing 

Data  was  processed  using  fPI's  LABCAL  computer  report  Pro¬ 
cessing  Program.  Prior  to  execution  of  this  program,  the 
input  information  was  separated  into  three  categories  of 
data  files: 

1.  Transducer  File  (calibration  data) 

2.  Raw  Data  File  (laboratory  data) 

j.  Instruction  File  (data  manipulation  information) 

Upon  execution,  the  raw  data  file  is  automatically  run  through 
the  transducer  file.  This  corrects  the  raw  data,  as  recorded 
in  the  laboratory,  to  standard  engineering  units  and  provides 
tor  calibration  corrections.  The  resultant  data  is  then  math¬ 
ematically  manipulated  to  yield  required  information  by  means 
of  tile  instruction  file. 

Output  information  from  LABCAL  is  in  the  form  of  graphically 
plotted  data,  data  tables,  and  summary  data. 

Da ta  An j us tmen ts 

During  the  cyclic  break-in,  cnanges  in  the  input  speed  to  the 
pump  occurred  due  to  different  values  of  loading.  With  the 
lirgest.  [lump,  the  maximum  loss  in  speed  was  269  rpm  (no-load 
to  full-load),  or  about  10  of  Target  Speed.  Because  of  time 
in-uts  established  for  data  collection,  the  input  speed  could  not 
adjusted  at  each  loading  to  a  constant  2700  RPM.  This  input 
p-‘.‘u  drop-off  meant  that  the  output  flow  also  dropped  off.  These 
* ’  >w  values  were  adjusted  using  a  ratio  of  the  target  speed  and 
a  measured  speed: 


; a .  for  the  two  hour  run  were  also  adjusted  to 
••  '  , r  light  changes  from  the  target  speed  using  the 
a ’  i c,t .  procedure  as  in  the  cyclic  break-in.  input 
. ,  for  the  two  hour  run  were  adjusted  to  cc  .pensate 
i  •.nar.ges  in  outlet  pressure  (less  than  1  of  target  pressure) 
,i  miiio  for  the  target  pressure  and  the  actual  measured 


add  i  ■  i  oi. a  !  to  rg  jr'  adjustment  was  performed  to  correct  for 
>•  ri*>  readings  affected  by  temperature  changes  within  the  torque 

■  ’  '  a  s  1.7.  j- 1.7. 4  Tabulated  Data,  the  "  of  ideal  torque" 

•  •  :  i  va  if  i (jij  since  the  torque  input  in  the  case  of 

.  du'S's  -.„r  b"  gr.-afer  tnan  that  calculated  on  the 
*  i|i  ,p  i  areiiiefit  and  outlet  pressure  alone. 
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1.7.4  TABULATED  DATA  -  TWO  HOUR  RUN 


1  . 7 . 4 . 1  Clean  Fluid 


Manufacturer  Pump  Code  No. 

1  57740 

12566 

25331 

84387 

2  56941 

11458 

16439 

05585 

3  10281 

63661 

17453 

18103 
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DIFFERENTIAL  PRESSURE  -  PS  ID 


I. 7. 3. 3  Graphical  Summary 


REPRESENTATIVE  GRAPH  OF 
DIFFERENTIAL  PRESSURE  VS,  TIME 
FOR  CYCLIC  BREAK-IN  TEST 


This  representati ye  profile  curve  describes  the  cyclic  break-in  test. 
The  test  was  performed  Immediately  after  determining  the  roll-off! 
cleanliness. 


Figure  1.7,1 
i  J.M. 

!  6-21-79 


TIME  -  MINUTES 


ItblS  IJNPV.UD  HT  FLUID  N*IK  »u»»u''Lt  OL"uyL  ur  trmiNttKjNii 


PART  1  i  ®l'HP  CCD!  NO,  179*5  -  12"  Df  C. .  F. 

ft  l  C  t  I  G  *  1.0?  |  i-bSHAiUtt  VALUES  Of  C  v  till  8»EA*Jn 

PRDCISStD  OAT* 


CONTAMINATED  FLUID 


1  I  “E 

PRf  ?! 

IN  f 

IFF. 

J  OF 

VOL  . 

EFF. 

“ECU, 
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*U 

MINUTES 

0  p  £ 

S  I  l> 
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TOft'idt 

PFPCE^y 

^e«j  r/<y 

pfp(e i? 
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o .  o  p  o 

2  0  7 
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62. 

0  50 

2 
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9/ 
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76. 
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JOft 
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ftl) 
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s°. 
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4 
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1  2  o  ft 
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1  1  5  ,  5ftb 

ft  b 

,  P  6  0 

89,210 
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s 
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18  5,Jlft 

ftb 

,  56ft 

bS. 22b 

6  9, 

1  7  b 

6 

1  0 .  o  o  o 

1  7ft  7 

5  p  ft 

1  ii  ft  ,  ft  ft  ft 

ft  u 

.7  76 
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i 

ft 

l  2 ,  o  o  o 
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j  l  j 

1  S  b  .  ft  1  ft 
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,  5  6  ft 
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6ft  . 

U  u  5 
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2b  7b 
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,2*2 

95,529 
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1  1 
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)6ft, 20b 

<56 

:?26 

bO.’OO 

bft, Sib 

SECTION  1  1  .  0^'  t  CKU!utt'VlUMf°tftlU  0  R  E  A  6  I N  -  CONTAHINATFO  fluid 
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Sft2 
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Oft  I  0  7 
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1  “52  .  ft  7  2 
1 Jft.SOft 
I  b  2  ,  ft  ft  ft 
ICft.ftftb 

lbb,  J7« 
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<•5 

Oft 

ft  u 
sft 


i  ft  5 
287 
2"  6 
0ftS 
'6  5 


ft  5 !  £  0  2 
ftft.229 


MECH. 

£  £  ft  f  £  ^  7 
M  ,  66  J 

8  ft  .  12  1 
bft.28ft 

9  ’ .  ft  0  2 
b  1  ,  b  r  8 
6  ft  .  b  8  2 
b  1  ,  5  ft  9 
ft  1  .  T  l  7 

sifiU 

bO,u«,ft 


OyPP-ALL 

pf rir 


b  J  ,  n  j  l 

p  5 .  n  ‘ 

6  I  .  P  I  0 

ns.es« 

b  1  ,  &  S  7 
B5,b22 
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TESTS  CONDUCTED  It* 

rculo  power 

INSTITUTE 

,  MlLMAUKtt  SCHOOL  OF 

t NCINLCRING 

PART  | 

SECTION 

I  ?n«p  cnnr  no,  ip?h| 

1  .  o  ^  ,  i-jSmalWED  v* 

-  120  PEC,  F. 

LUES  CF  CYCLIC  BREakIN 

•  CLEAN  1 

FLUID 

PROCESSED  OAT* 

T  I 

n  0Jff- 

PI  f sSuPf 

P  PS  10 

1  0  F 

VOL.  eff. 

-ECM. 

OvF R-iLL 

MI  SC'T 

1  Cf  »L 

t r  m  i  j) 

P  F  •  c  F  A  T 

^E4f F  ^ 

rf  E^iT 

1 

9.000 

2  4  1  ,  0  bb 

1  29.4"  b 

9H  .  n  1  4 

7b. 9  79 

75.388 

2 

t.'iu'i 

t)  Ci  V  t  Li  'i 

111,174 

ob,  i.i)  3 

8  6 , 2  n  3 

84.25b 

i 

«  .  111)1 

1 2  7 . S4  1 

9  7 , 7o* 

78. 00 2 

76.574 

4 

<7 .  n  u  4 

1  2  r  7  ,  7  1  ( 

108.432 

92.47b 

9  1  .  P.  (i  0 

*4523 

5 

8  ,  u  o  n 

i’4(  .  n  A 

1  2  4  .  (,  C.  8 

97.734 

7  /  .  1  2  1 

75.512 

6 

10,11(0 

1  7  -  t. ,  /  J  ; 

107,743 

90  .  ON? 

9  2  .  (1  1  4 

84 .  3u  7 

1 

1  2  ,  (Ml  1) 

2}  4.*  5  2 

I3r>,3  70 

97,094 

73.379 

71 ,b29 

8 

I  u ,  no.) 

2*.  mi  ,  7  3  i 

1C  7 , o  u  0 

8  '7 . 9  3  6 

92.902 

63.4Mb 

9 

1  t> ,  0  ')  0 

23t . -N£ 

1  40  .  No  7 

I  ('  n  .  3  S  1 

71.141 

71.532  Note  3 

1  0 

)  o.ncn 

2to  v, ?  7m 

108.  7  5  3 

89.371 

VI . 952 

82.111 

68.161 

11 

2o.uoo 

2 Jo.ei? 

142.879 

97.754 

69,989 

P*»T  1 

si  chcn 

j  Pump  cn 

1.3?  |  N 

P F  NO,  h  3  8  b  1  -  120  OFF.,  F. 

0RMALI2ED  vAlucS  OF  CYCLIC  BREAkIN 

-  CLEAN 

FLUID 

PROCESSED  DATA 

TImE 

P»F  $£[■(>  r 
i  n  i  s  i  r. 

X  Of 

VOL.  Frr. 

mECM. 

OvFR-all 

Ml  NUT J? 

i  Jr^5c 

P  E  o  C  f  l  t 

&EP( 

^EPCF^iT 

1 

0  .  o  0  n 

3  3o  . 

1  4  0  .  n  (,  o 

9  t> ,  7  7  2 

6  7 , S4  b 

bb  ,  3  1  2 

{ 

2  .  o  (Ml 

(i  (,  i. .  6  7  4 

1  2* . 2b ' 

91.  .  4  Mb 

77.972 
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3 
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9f  ,  7  7 
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u 
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1  1  1.  .  1  1  4 

44,|2b 

85,974 

MO  ,  *-,(3 

S 

8  .  n  r.  0 

5  13.59') 

1  j7. M°4 

9  L)  .  4  7  6 

bb , MU  3 
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0 

I  o  ,  o  o  n 

l  7  «  4  .  3  3  3 

112,704 

92.37b 

86.728 

81.89b 

7 

1  ?  .  o  o  0 
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9  L,  ,  b  n  b 
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bi. 21 2 

e 

14.000 
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9 
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2*52, b?7 
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1b  1.. 824 
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b  5 , 0  0  9 

62.671 

1  0 

1 1 

16.000 
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1U  li  / 1 

84,66“ 

96. b9B 

68,412 

63.102 
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PA»T  1 

SECTION 

1  PlJMP  C0Pf  NO  17453  .,1?0  OEC,  r. 

i.oe  ,  normalIud  values  of  cyclic  breakin 

p  clean  FLUID 

PROCESSED  DATA 
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1 
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t 
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2 
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1  2  4  .  4  b  i 
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76,989 

1 
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b  ,  0  0  0 

1 Ol . "to 
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97.119 
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5 
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97,424 

b  2  ,  7  0  9 
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6 

1  J, OOP 

l  7  7  S  ,  9  *  0 

1  1  '7  .  1  “  5 

9  1.447 

90 , 7Nb 

6J. 9 1 b 

7 

1  J  ,  0  C  P 

2  4  1  ,  a  5  1 
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9  7  ,  4  1  0 

6  n  .  M'  u 

li-M " 

8 
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2  S  0  c  ,  1  2  7 

1  0  7  ,  o  0  7 

"9  2\b 

<2,879 

9 

ij/r- 

2  3:,.  ob  7 

i  b  1  ,  4  5  2 

97.  384 
*  8  \8u 

5  9  ,  7  2  b 

58.1*2 

1° 

1  9  ,  0  v  0 

2823. 1 40 

1  Ob,  Sb- 

92,1)1 

81 .434 

I  1 
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5  6 1  6  6 1> 
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1 

0  ,  'J  0  0 
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2 
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y)  ’  j),i 
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3 
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Q  ^  ^  A  A 
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* 
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5 

4,0(0 
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90.547 

1? 

1  *>  ,  0  u  0 
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9  7  |  8  7  8 
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TESTS  COnDUCTEO  BY  FLUID  PORfR  INSTITUTE,  MILWAUKEE  SCHOOL  OF  ENUINCERINC 


FART  |  I  PhMP  CO  nr  NO  S69U1  .  ipo  OFC.  F , 

SECTION  1,02  i  no&malIzeO  values  Of  CrCLii  BRLAKIn 


clean  fluid 
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si:?;? 
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PE  wCEnT 
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"P.139 
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"6.9J7 
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PART  1  |  »UMP  CODE  NO,  iiu5"  -  l£0  DEC,  F, 

SECTION  1,02  |  NORMALIZES  values  OF  CYCLIC  B  RE  AK I N  -  CLEAN  FLUID 
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9 

lo 

U 


TIm£ 

„  0Ifr£ 

’U^U 

r  of 

VOL.  EFT. 

Mf  CM, 

minutI^ 

UiSil 

P  E  R  c  F  i  ‘i 

^srCf^T 

o,uco 

£  0  1  .  6  6  £ 

163,905 

99.600 

6", 9" 1 

£,000 

598. £6b 

11  ",  1  60 

9  ",  9  9  6 

9U, b£5 

9,000 

£0l.bM9 

1  60,699 

99 , S  7b 

6  £  ,  £  P  0 

6.000 

1  P  0  £  ,  £  "  6 

P  0  3 .  /  "  6 
1/96,059 

111.515 

97.031 
99. 399 

8*1.670 

8, "CO 

1 5£,599 

65,531 

10,600 

i  o9;s?£ 

95.011 

91 ,P5b 

1 £.000 

£"0,716 

1  5  3  ,  7  7  9 

<59,9  9  " 

65,031 

19,000 

2  9 P  9  "99 

1  0  7 ,96  s 

9  9  S  6  5 

9  £  .  6  £  9 

16,600 

18,000 

dl\:m 

1  3  7  .  7  1  ri 

1  0  ",  £  6  5 

99,996 

9  £  ,  9  9  5 

7  r  ,  6  1  2 
9  P  ,  J  6  6 

£0,000 

£01  .  7  ££ 

150, «£1 

99.211 

66 , 3  0  R 

OVER-ALL 

I E  PC  t i ? 
60.661 
01.330 

WJ? 

6  0 . 6  "  6 
"7.669 
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PART  1  i  >UMP  CODE  NO,  16939  -  IPO  DEG.  F, 

SECTION  1  , 0  £  ,  NORMALIZED  values  OF  CYCLIC  breakjn 


clean  FLUID 
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9 

10 

1 1 
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CT"r, 

l  OF 

VOL  . 

EFT. 

ME  C  m  , 

MlVUtf S 

pressure 

IV  PS  I  Cl 

T  h 

Deal 

-■jut 

PFPffi/ 

rCe it 

0 

,006 

187.686 

1  «9 

.501 

96 

.  JftO 

5£, 

7  70 

£ 

,000 

6  6  7,6  7  J 

1 30 

,66  7 

90 

,  9  £  3 

76, 

9  |  U 

<1 

,  1)  n  n 

1 *".6£7 

1  66 

.113 

91 

.  u  <1  J 

53, 

7  3  1 

b 

.  "CO 

1  £  C  V  .  £  9  S 

1  18 

,  £6  9 

97 

,065 

59  , 

is  7 

8 

,  OC  6 

187,656 

1  3u 

.  9  £  U 

6  9 

,  £o" 

59  , 

0  7  7 

1  0 

,600 

1799,761 

1  1  9 

,7=9 

95 

.0  72 

8  7  , 

1  3£ 

,000 

i“6.cs£ 

1  "6 

6  9  9 

99 

,£11 

5  3, 

So5 

1 9 

,0  01 

£9  9  1  .  0  M  1 

1  1  £ 

,9£  1 

99 

,  7"0 

80. 

556 

1? 

,600 
,  OCO 

,15 u."9£ 
£85o  .  7  £  1 

1  ft" 

!  1  £ 

,  6  6  1 
599 

99 
9  R 

:iS$ 

SS: 

99  J 
8  1  I 

£  0 

,000 

181,670 

189 

.585 

99 

.195 

52, 

7  9  7 

OVFR-ALL 

£ehCEnT 

6£.  9SU 

7  5  ,  £  £  5 
53. 9?? 
"2.091 
53.689 
"3.653 

53.099 
"3.ep8 
5?  ,  5  7 " 
B3. 76£ 
S£. 3  JR 


PART  1 
SECTION 


RijMP  COOr  NO 
1.02  I  NORM 


ALl  Z^v^LUE^Sf^yC  LlC  BPEAKlN 


CLfAN  FLUlO 


PROCESSED  DATA 


J 

l 

l 


T  1  mE 

r  1 7  > , 

1  c  ► 

1  9 

P  9  <  s  7  ■  6  , 

I  Dr  i  l 

hinutCs 

j  ••  p  s  i  h 

to«  ;  t'f 

L  .  "  CO 

1 9  ,  7  »  S 

15  1.716 

c,660 

‘'*<■.'•15 

12  3,  706 

9  ,  11  6  n 

1  '  J  .  8  9  7 

I  '■  f  ,  <<  9  7 

6,  OCO 

1  I  *  v  •  “  ■' s 

1  9  (  .  ■.  ^ 

1  1  ■' .  1  5  8 

5  ,  "  C  " 

I  -  9  ,  A  f  5 

1  "  ,  n  v  o 

1  7  “  >  ,  6  '  | 

1  1  £  .  '0  J 

I  £  ,  "06 

J  g  .  »  7  9 

2  ■  £  1 .  1  3 1 

1  5  1  ,  '  i  i 

1  J  ,  "  0  0 

1  19,536 

5,  "06 

1  “6,  7  7  7 

151,6*7 

18,000 

£  6  -J  1.  ,  1  9  u 

1  0  9,692 

£6,000 

1  "  8  ,  «9  II 

1  5  £  ,  6  3  1 

VOL.  EFF, 

MECM. 

Ovfr-all 

P  r  r  c  f  J  ) 

^  E  R  C  f  i  T 

6",  £  **  " 

65.913 
"  "  ,  «  J  7 

69,760 

6  7  ,  ft  7  " 

79,1  19 

£  *  9  ,  h  ,v 

65.797 

l  19.06} 

91,797 

86,037 

"  9  UN- 

6  A  NOT 

9  5  .  f  6  2 

9  7 , JO J 
09.  \l  1 

thVA 

0  6  N  0  7 

65,89) 

tt-Mi 

66,938 

9  i  ,  u  ft  7 
98.331 

91.169 

65.518 

Note  2 


i  o 

n 


TESTS  COnDUCTEO  RY  FLUID  POaER  INSTITUTE#  hIihAU*EE  SCHOOL  OF  ENGINEERING 
PART  1  |  »liHR  COOf  NO.  5  T  7 « 0  .  On  DEC.  A 

SECTION  1,02  ,  NOftMAuIziO  vituti  OF  Crilti  BREAkIn  *  CLEAN  FLUID 


PROCESSED  DATA 


Tlx! 

KlNuW  S 

0,000 
i  ,  0  00 
0,000 
9.0C0 

4,000 
10,000 
2,000 
0  ,  0  0  o 

fc,  ono 

S,  000 

0,000 


pot  SL°? 

I  N  p  5  I  o 
?os ,  b  3  ft 
592.099 

ifh  :M 

I^A.oTS 
l  7 P  e, .  bS  i 
1  Ro  .  t)6  5 

2-RO  .  2?2 

1  Rfc.680 


x  nr 

1 2  r  *l 

t  u  -  ')  J  t 

1 6 1 . olb 
123,8/9 
1 6  7 ,  3o5 
1 1  i ,  npo 
1  to  7  ,  TOP 

I  7  J  )  i  8  0 

7  5 ; 


V0L.  E  F  F  ^ 

Pf RCFnt 
9b, uRO 
Rii  .  695 
96,009 
9?  .  RO? 

9$.  ft  w 
90,706 
°5.  755 
8  R  ,  u  6  6 

ftft .  r68 
95.762 


K&>? 

62.  I  1  o 
8  0  ,  7  2  R 

5?.7}7 

ft--,  0  I J 

S  R  |  6  2  9 
ft  9 , 9  6  5 
57.577 
91,0)1 
56, bftR 
87  I J  55 
56,950 


percent 

5R.R18 

7  6  ,  u  R  R 
S7.  5RR 

ft  1 .  IPS 
5*.  I  R6 

8  1  .  60  b 

S!:i;s 

22iiii 


StcIloA  ',,5n  CNO^HA°!  Z^viiuE^^C  y£li{  BREAKlN  -  CLEAN  FLUID 


PROCESSEO  DATA 


Tl-f 

HlNUT^S 

0,000 

2,000 

а ,  000 

б, 000 

8,000 

10,000 
12,000 
}  R,  000 
6,000 
lft, 000 
20,000 


DIFF, 

PRESS;'0? 
IN  P 5 1 5 

iiS5:25i 

1  8  Q . ftbO 

lM.S-6 

1  7ft  ,  075 
2505.555 
1  ?  i ,  ft  7  R 
26?b . 5b9 
J  78. 8RR 


X  OF 

T*» 

IbO,  lft5 

122.966 
169, 657 
I 12.2«7 
169,255 
I  O’.  5R  1 
1 7  5 , ue5 
106,691 

173.966 

106,10ft 

181 , 6  R  6 


VOL.  EFF. 
„  IN 
PERCENT 
OR  .  uOR 
92. 7?2 
93.910 
90,69? 
9  5  .  0  u  ft 

68,06b 

92.900 


HECH, 

£  £  R  f  E  n  T 
62.R2R 
81.32R 
5  8 , 9  o  J 
ft9;os8 

S?:8?S 

57,608 
93,729 
57  6oB 
90 , 2RR 
55,052 


PERCENT 


a?:S2t 


SECTION  '  1 .  o  ?  I  e£3SHiL°!lt3J?lLUEi28rDE5CL?e  BREAKIN  •  CLEAN  FLUID 


PROCESSED  DATA 


TIME 

?ir'- 

X  0  F 

VOL.  EFF. 

ME C h  . 

hInut!  ^ 

PPf  SS;Rr 

r  p?-l3 

Pf  cCE^ 

\  E®Cf^ 

MU 

205,577 

6  0  6  .  ft  7  0 

!Sl:nf 

97,83} 

96 . 60S 

tMl'y 

MU 

ft.oc? 

20u.bl8 

IfJ7.6*5 

Alt  ,  6  1  6 

1  T  ft  1  . «  3  2 

16?, -29 
1^;?^ 

JiiHl 

!!:!?! 

1  o ,  o  r  c 

109,16? 

93,5-1 

91,603 

12,000 

2C  3. t  1  8 

1 63. ?2 l 

97,750 

6  1  1  2  6  R 

R  ,  0  0  n 

2o«R.  eftl 

1  0  7  .  5?5 

91.572 

9  2 , 9  6  7 

ft,  800 

20 5.6-i 

166,267 

9  ?  ,  ft  0  0 

60,137 

18,000 

2  ft  6  2  ,  3  9  7 

1  0  7  ,  0  5  7 

90,578 

93,00? 

20,000 

2  0  r  ,  6  R  8 

lb?, 51  3 

9  7  ,  7  9  8 

59,697 

over-all 

?U  i? 

*W?I 

60  ,  a  PR 
85.68? 
59.8A7 

mn 

80,610 

58,380 


?*?!,  1  !«Mp  CODE  NO,  5«378  .  120  ore.  F, 

section  i.o2  |  normalized  vAlueJ  of  cyclic  breakin  »  clean  fluid 


PROCESSED  DATA 


ti-e 

Dirt, 

tr'3'  o' 

1  '  0  ?  I  ft 

5  ^ 

VOL.  Err, 

MECH, 

I  N 

Hi  NUT  t  J 

,PA'\ 

'Hlli! 

1  N 

pf  pc  r nt 

frE  IN 

pr  9C  r  N  T 

7,  C'  1 

i  1  1  .  6?  J 

95.615 

65,837 

2,000 

5  9  6  .  1  0  9 

9R.1I3 

95.715 

9  ?  ,  1  1  u 

1  ?  5  .  N  ?  ft 

R ,  0  ;  7 
6,011 

ft  ,  0  1  1 

?  7  1  I  1  a 
t  2  *  2  ;  9  »  0 

1  5  ?  ,  8  5  0 

1  1  »  .  7  i  3 

1  1  9  ,  9  Y 

l.lvi 

L :  1 . 7  5  9 

1  7?-  .  7  1  8 

96,119 

6  2  .  ft6  I 

1  0  ,  0  ,  0 

1:5.695 

91,790 

91,163 

2,031 

198.65! 
2-5  • ,  3  -  ft 

IN'.-'77 

9  6,112 

6?, 306 

0,011 

116,5—3 

*9, >9 | 

9  2  ,  1  2  9 

9,0:0 

ft,  000 

5  -  .  6  6  5 

2  8  6  l  5  | 

6‘.Vb8 

106.193 

U:ls\ 

69 ,  1  Oft 

ft  2  «<  2  7 

1 

'0, 000 

197.717 

1  7  0  ,  8  09 

96,190 

5  8  ,  5  R  7 

PE  °{ FnT 
62.952 
1  1  8  .  1  u  2 

62,67} 
82.057 
60.0?} 
82.769 
5  9  8  8  5 

8  ?  .  ?  6  S 

ll:Vs\ 

56,317 


1.7.3  TABULATED  DATA  -  CYCLIC  BREAK-IN 
1.7. 3.1  Clean  Fluid 

Manufacturer  P  nip  Code  No. 

1  57440 

12566 

25331 

84378 

2  56941 

11458 

16439 

05585 

3  10281 

63661 

17453 

18103 

Note  I:  Mechanical  and  overall  efficienies  ■  100  due  to  input  torque 
measurement  error.  Data  should  be  ignored. 

Note  2:  Volumetric  and  overall  efficiencies  •  100.  due  to  outlet  flow 
measurement  error.  Data  should  be  ignored. 

Note  3:  Volumetric  efficiency  •  100.  due  to  outlet  flow  measurement 
error.  Data  should  be  ignored. 
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1.7. 4. 3  Tabu  Id  ted  Summary  -  Two  Hour  Run 

Root-mean-square  was  adopted  because  it  is  a  good  measure  of  the 
degree  to  which  a  parameter  varies  from  a  desired  or  target,  value. 

For  instance  looking  at  the  table  for  manufacturer  1,  67  (RMS 
of  Deviation  =  One  Standard  Deviation  67.  of  all  observations)  of 
all  pressure  readings  on  pump  number  58678  lay  within  *  b  psi  of 
an  average  pressure  level  of  21498  psi. 

The  following  data  was  calculated  from  a  sample  size  of  approx  ima  t.e  I  y 
65  data  points  for  each  pump,  taken  during  the  steady  state  two 
hour  break-in  run.  Values  of  QAVE,  TAVE,  and  PAVE  were  arrived  at 


by  averaging 

the  65  data  points 

for  each  parameter 

res  pec  ti ve  1  / 

Mftjr.  1 

RMS 

VALUES  OF 

DEVIATION 

FROM  AVERAGE 

Pump 

RMS 

RMS 

PAVE 

RMS  NAVE 

RMS 

Code  # 

(Q-QAVE) 

(T-TAVE) 

(PSI) 

(P-PAVE)  (RPM) 

(N-NAVE) 

_ _ __ _ 

[gpmj _ 

(PSI) 

(RPM) 

58678* 

.114 

4 

2498 

5  2699 

10 

44947* 

.119 

5 

2494 

4  2700 

1 

12566 

.067 

4 

2498 

2  2693 

2 

25331 

.102 

5 

2489 

3  269  7 

84378 

.051 

3 

2493 

2  2696 

4 

57740 

.083 

8 

2498 

5  276! 

8 

AVERAGE  VALUES  OF  EFFICIENCIES 


Pump 

Code 

Vo  1 .  Eff. 

.11.. 

Mech.  Eff. 

...11.. 

Overall  Eff 
.  (  ) 

58678* 

90.4 

90.3 

81.7 

44947* 

91.4 

90.9 

83.  1 

12566 

88. 1 

93.5 

82.3 

25331 

92 

92.1 

84 . 7 

84378 

90.  1 

91  .  7 

82.6 

57740 

90.2 

91.0 

82.  1 

*Pumps  broken  in  with  contaminated  fluid. 


RMS 

VALUES  OF 

DEVIATION 

FROM  AVERAGE 

Pump 

RMS 

RMS 

PAVE 

RMS 

NAVE 

RMS 

Code  # 

(Q-QAVE) 

(T-TAVE) 

(PSI) 

(P-AVE) 

(RPM) 

(N-NAVE 

_  _ _ _ _ 

(GPMJ 

(_i  n- 1 bs) 

_ 

(PsiJL 

_ _ _  . 

(RPM).  .  . 

05585 

.  530 

12 

2500 

l 

2710 

49 

11458 

.128 

48 

2495 

14 

2704 

11 

16439 

.497 

1 1 

2501 

2 

2707 

50 

56941 

.080 

12 

2499 

8 

2696 

5 

18593* 

.083 

37 

2495 

18 

2697 

5 

64952* 

.028 

8 

2496 

9 

2704 

1 

AVERAGE  VALUE S  _0F_ 

EFFICIENCIES 

Pump 

Vol .  Eff. 

Mech.  Eff. 

Overall  Eff. 

Code  ft 

...M... 

i) 

05585 

- 

93.6 

93.4 

87.4 

11458 

93.5 

95.3 

89.1 

16439 

93.8 

95.9 

90.0 

56941 

91 .3 

96.6 

90.1 

18593* 

91.6 

82.8 

75.9 

64952* 

95.1 

92.2 

87.7 

*Pumps  broken  in  with  contaminated  fluid. 


RMS  VALUES  OF  DEVIATION  FROM  AVERAGE 


Pump 

Code  # 

RMS 

(Q-QAVE 

(GPM) 

RMS 

(T-TAVE) 

(in-lbs) 

PAVE 

(PSI) 

RMS 

(P-AVE) 

(psi) 

NAVE 

(RPM) 

RMS 

(N-NAVE 

(RPM) 

63661 

.060 

16 

2474 

4 

2700 

4 

10281 

.084 

24 

2527 

25 

2699 

7 

18103 

.555 

17 

2500 

2 

2715 

49 

17453 

.478 

18 

2504 

6 

2714 

43 

081 58* 

.121 

9 

2495 

5 

2697 

8 

17983* 

.034 

10 

2494 

7 

2696 

2 

AVERAGE  VALUES  OF 

EFFICIENCIES 

Pump 
Code  # 

Vol .  Eff. 

Mech.  Eff. 

. 

Overall  Eff. 

_ (AL _ 

63661 

91.4 

88.8 

81.1 

10281 

91.3 

94.8 

86.5 

18103 

90.6 

94.1 

85.3 

1  7453 

89.0 

94.5 

84.1 

08158* 

94.2 

89. 1 

83.9 

17983* 

94.4 

93.9 

88.7 

*Pumps  broken  in  with  contaminated  fluid. 


.5  GRAPHICAL  DATA  -  TWO  HOUR  RUN 
1.7. 5.1  Clean  Fluid 


Manufacturer 


Pump  Code  No. 


1  57740 

12566 

25331 

84387 


2  56941 

11458 

16439 

05585 

3  10281 

63661 
1  7453 
18103 


-52- 
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1.8.2  CONTAMINATION  GRAPHICAL  SUMMARY 


HISTOGRAM  OF  ROLL-OFF  CLEANLINESS  LEVEL  TEST 
RESULTS  OF  12  GEAR  PUMPS  BROKEN  IN  ON  CLEAN  OIL 

The  data  from  one  pump  of  Mfgr.  1  indicated  that  the 
contamination  level  decreased  from  the  beginning  to 
the  end  of  the  Roll-Off  Cleanliness  Level  Test  -  that 
data  is  omitted  from  this  graph. 

LEGEND 

}  ' 

M^  Mfgr.  1 
M,  =  Mfgr.  2 
Mj  =  Mfgr.  3 


Particles  Per  Milliliter  Greater  than  Ten  Micrometres 
Added  to  the  Test  Circuit  Because  of  Pump  Debris 


1  . 9  Summary 


9.1  Operational  and  Technical  Problems 

During  the  course  of  this  test  program  certain  operational  and 

technical  problems  were  incurred  which  are  listed  below. 

1.  Electrical  interfacing  of  the  data  acquisition  system  with  the 
hydraulic  system.  Because  of  "electrical  noise"  in  the 
laboratory  from  several  sources,  special  cabling  and  shielding 
had  to  be  used  between  the  transducer  amplifiers  and  the  data 
acquisition  system  to  insure  accurate  signal  transmission. 

Also  power  line  fluctuations  caused  problems  with  the  data 
acquisition  system  until  an  isolation  transformer  was 

instal led. 

2.  Triggering  levels  in  the  flowmeter  calibration  fixture  were 
found  to  be  very  nonrepeatabl e  when  the  magnetic  reed  switches 
and  photo-optic  micro-switches  were  investigated,  so  the 
fiber-optic  system  was  developed. 

3.  Several  ideas  were  investigated  in  the  development  of  the  torque 
shaft  calibration  fixture  and  found  to  be  inadequate;  the 
pulleys,  cables,  and  weight  system  didn't  work  because  of  bearing 
lockup.  Calibration  of  the  air-cylinders  revealed  that  they 
were  non-lineai.  Calibration  of  a  300  lb.  load  cell  at  70  lbs. 
full  scale  didn't  work  because  of  non-repeatability. 

4.  During  the  test  phase,  it  was  found  that  there  was  a  calibration 
shift  in  the  torque  shaft  due  to  a  thermal  problem  because  it 
was  calibrated  at  the  start  of  the  test  when  it  was  cold  and 
checked  at  the  end  of  the  test  when  it  was  warm.  A  thermocouple 
was  mounted  on  the  torque  shaft  housing  to  monitor  and  record  temp 
erature  rise  versus  time  for  the  remaining  untested  pumps.  An 
equation  was  developed  to  correct  torque  shaft  calibration  due  to 
temperature  rise.  The  correction  factor  was  then  used  to  correct 
the  torque  valves  on  all  eighteen  pumps. 


FJ^ure  J_._9_.J_ 
PROGRAM  _S  T  AT  US 


Current.  Status  ,  Contamination  Level  j  Type  of 
Laboratory  Phase  of  Fluid  during  ;  Endurance 

|  Endurance  Test  !  Test  Method 


Complete  j  Clean  (Fewer  than  j  OSU  P-4 

I  100  particles  per  |  High  Cycle 

|  ml  greater  than  10  u)  |  Rate  Test 

Complete  !  Dirty  (about  1500  j  OSU  P-4 

j  particles  per  ml  j  High  Cycle 

j  greater  than  10  u)  ;  Rate  Test 

In  Progress  !  Dirty  (about  1000  ■  OSU  P-4 

;  particles  per  ml  j  High  Cycle 

|  greater  than  10  u)  ]  Rate  Test 

Planned  ]  Dirty  (about  1000  MI L-P-52675 

particles  per  ml 
greater  than  10  u) 


1.9.2  Conclusions 


1.  Currently  no  industry  norms  exists  for  the  contamination  level  of 
production  test  stands  and  the  roll  off  cleanliness  level  of  gear 
pumps . 

2.  A  buyer  of  pumps  may  gain  some  insight  into  a  manufacturers  roll-off 
cleanliness  level  merely  by  requesting  receiving  and  analyzing 

an  oil  sample  from  his  test  stand.  At  this  time,  it  is  impossible 
to  state  that  break-in  with  contaminated  oil  is,  of  and  by  itself 
detrimental  to  the  life  expectancy  of  a  particular  pump.  The 
results,  however,  do  clearly  indicate  strong  correlation  between 
test  stand  contamination  level  and  roll  off  cleanliness.  That  is, 
the  manufacturer  with  the  dirtiest  test  stand  oil  samples  and 
pumps  which  contributed  the  most  amount  of  dirt  added  to  the 
MSOE  system. 

3.  There  was  no  measurable  benefit  or  liability  to  the  contaminated 
break-in  however,  effects  of  contaminated  break-in  upon  life 
expectancy  have  yet  to  be  evaluated. 

4.  Changes  in  overall  efficiency  in  the  first  few  hours  is  caused 
primarily  by  changes  in  mechanical  efficiency  and  not  the 
volumetric  efficiency. 

5.  Manufacturer  No.  1  had  the  least  amount  of  overall  efficiency 
change,  however,  conversations  with  manufacturer  No.  1  revealed 
that  there  may  be  up  to  ten  hours  of  running  on  each  pump  before 
they  were  tested  by  FPI  MSOE. 

6.  Although  different  break-in  procedures  were  not  investigated,  the 
pressure  time  profile  used  in  this  program  is  based  on  current 
industry  practice,  and  it  must  be  concluded  that  it  is  a 
sufficient  process  if  followed  by  a  few  hours  of  steady  state  high 
pressure  running.  Some  efficiencies  were  still  changing  after 
two  hours,  but  these  were  not  significant.  The  results  indicate 
that  pumps  with  short  running  times  do  indeed  undergo  changes 

in  performance. 

7.  Any  industry  standard  which  aims  at  acquiring  power  conversion  data 
to  be  used  in  the  market  place  should  contain  a  requirement  that 
the  pump  be  broken-in  and  then  run  in  at  high  pressure  for  a  total 
of  about  three  hours.  There  are  indeed  changes  taking  place  inside 
the  pump  and  they  appear  to  settle  down  after  that  period  of  time. 
Premature  measurement  of  power  conversion  data  may  result  in  a 
difference  in  overall  efficiency  by  as  much  as  five  percent, 

a  difference  which  in  most  cases  results  in  an  improvement  in  the 
pumps'  quality. 

1.9.3  Frogram  Status 

Program  activity  concurrent  with  the  submission  date  of  this  report 

is  in  the  High  Cycle  Rate  Durability  Testing  phase  as  shown  in  figure 

1.1.1  page  2.  No  preliminary  conclusion  ran  be  drawn  at  this  time 

since  the  data  collected  is  presently  being  processed  by  the  computer. 

Results  of  the  durability  and  endurance  testing  phases  will  be  available 


in  part  III  of  this  report  to  be  published  at  a  later  date. 

A  review  of  the  program  effort  by  MERADCOM  over  the  course  of  testing 
has  resulted  in  minor  technical  changes  at  their  request  in  the  life 
test  phases.  Since  these  differ  from  those  contained  in  the  MSOE 
proposal  entitled  "A  Proposal  To  Conduct  A  Comparative  Study  of 
Accelerated  Life  Test  Methods  on  Hydraulic  Fluid  Power  Gear  Pumps" 
dated  28  August,  1978,  a  revised  block  diagram  of  the  life  test 
phases  and  current  status  is  presented  in  figure  1.9.1  page 

1.9.4  Recommendations 

The  results  of  this  program  effort  will  serve  as  valuable  technical 
inputs  to  future  revisions  of  NFPA  T3.9.17  Pump  and  Motor  Test 
Procedure  and  MIL-P-52675  Military  Specifications  Pumps,  Hydraulic, 
Oil,  Fixed  Displacement.  Viable  standards  in  cognizance  with  the 
needs  of  the  US  Arniy  and  the  Fluid  Power  Industry  will  then  be  readily 
available  and  insure  the  advancement  of  the  “state-of-the-art"  of 
Fluid  Power  Technology.  To  this  end,  the  following  recommendations 
are  made  based  upon  the  knowledge  and  experience  we  have  gained  in 
the  course  of  this  program. 

1.  Since  both  of  the  previously  cited  standards  apply  to  both  gear 
and  vane  type  pumps,  the  MSOE  proposed  additional  effort  shown 
in  figure  1.1.1  page  2  and  outlined  in  "Proposed  Modification 
to  Include  Vane  Pump  Testing"  dated  13  March,  1979  be  pursued. 

2.  Develop  a  program  for  the  6  gear  pumps  from  the  Break-In  program 
using  contaminated  oil  to  determine  their  expected  lives. 

3.  Direct  efforts  to  promulgate  and  implement  SAEJ1227  dealing  with 
the  evaluation  of  roll  off  cleanliness  of  hydraulic  components. 

4.  Industrial  standards  which  the  US  Army  expects  to  reference  in 
it's  procurement  procedures  should  contain  the  break-in  procedure 
reported  herein. 

5.  Speed  droop  during  the  cyclic  portion  of  the  break-in  is  difficult 
to  control  without  expensive  feedback  equipment.  Any  standard 
should  allow  for  a  10T  drop-off  in  speed  in  going  from  no-load  to 
full-load.  This  is  easy  to  achieve  with  an  open-loop  pump  drive, 
corrections  for  this  can  be  handled  mathematically. 

6.  Because  there  are  a  number  of  reasons  for  speed  variation  during 
the  two-hour  run,  any  standard  should  allow  for  a  +  4%  (2  standard 
deviations,  95  confidence)  speed  variation,  since  flow  can  be 
corrected  mathematically. 

7.  Because  there  are  a  number  of  reasons  for  pressure  variations 
during  the  two-hour  run,  any  standard  should  allow  for  a 

+  2  \2  standard  deviations,  95'|  confidence)  pressure  variation,, 

since  torque  can  be  corrected  mathematical ly. 
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PROGRAM  SUPPORT 


Part  2  details  the  support  work  preceding  the  laboratory  program 
specifically:  Development  of  the  laboratory  break-in  procedure 
and  traceabi 1 i ty ,  calibration,  and  verification  of  the  measurement 
system.  The  appendix  contains  the  data  for  part  2.  Since  adequate 
industrial  standards  already  existed  in  the  area  of  contamination 
analysis  and  reporting,  these  standards  were  implemented  and  are 
considered  sufficient.  The  standards  implemented  were: 

1.  NFPA  T2. 9. 1-1972,  ANSI  B93. 19-1972  Method  of  Extracting 
Fluid  Samples  from  the  Lines  of  Operating  Hydraulic  Fluid 
Power  System  for  Particulate  Contamination  Analysis. 

2.  NFPA  T2. 9. 2-1972,  ANSI  B93. 20-1972  Procedure  for  Qualifying 
and  Controlling  Cleaning  Methods  for  Hydraulic  Fluid  Power 
Fluid  Sample  Containers. 

3.  NFPA  T2. 9. 6-1972,  ANSI  B93. 28-1972  Method  for  Calibration  of 
Liquid  Automatic  Particle  Counters  Using  AC  Fine  Test  Dust. 

4.  NFPA  T2. 9.3-1973,  ANSI  B93. 30-1973  Method  of  Reporting 
Contamination  Analysis  Data  of  Hydraulic  Fluid  Power  Systems. 


Literature  Search  Results 

2.1.1  Introduction 

A  literature  search  was  conducted  by  surveying  various  technical 
sources  of  information  such  as  universities  and  professional 
technical  societies  to  determine  if  any  work  has  been  previously 
done  in  areas  related  to  this  contract  effort.  This  section 
contains  a  listing  of  the  technical  papers  compiled  during  the 
courses  of  this  contract. 

2.1.2  Contamination  Papers 

1.  A  New  Theory  for  the  Contaminant  Sensitivity  of  Fluid  Power 
Pumps  OSU  paper  no.  P72-CC-6. 

2.  Analysis  of  Hydraulic  Fluid  for  Chlorine  Containing  Contaminants 
ASLE  transactions  volume  30,  10,  506-509. 

3.  Contaminated  Lubricants  and  Tapered  Roller  Bearing  Wear 
ASLE  transactions  volume  20,  2,  97-107. 

4.  Determining  Contamination  Levels  in  Hydraulic  Systems 
ASLE  24th  annual  meeting  May  5-9,  1969. 

5.  Lubricant  Contaminants  and  Their  Effect  on  Bearing  Performance 
SAE  paper  no.  750583. 

6.  Pump  Contamination  Sensitivity  Versus  Operating  Pressure 
OSU  paper  no.  P74-43. 

7.  Speed  and  Viscosity  Effects  on  the  Contamination  Sensitivity  of 
Hydraulic  Pumps  OSU  paper  no.  P76-4. 

8.  The  Effect  of  Contaminated  Lubricants  Upon  Tapered  Roller 
Bearing  Wear  OSU  paper  no.  P74-57. 

9.  The  Evaluation  of  the  Air  Enteraining  Tendency  of  Fluids. 

10.  Verification  of  the  Pump  Contaminant  Wear  Theory  Part  1. 

OSU  paper  no.  P76-5. 

2.1.3  Fi 1 tra ti on  Papers 

11.  Choosing  a  Full  Flow  Filter  Element  for  Industrial  Hydraulic 
Fluid  Power  Systems  ASLE  21st  annual  meeting  May  2-5,  1966. 

12.  Suction  and  Pressure  Line  Filtration;  Proper  Selection, 
Installation,  and  Maintanence.  ASLE  21st  annual  meeting 
May  2-5,  1966. 

2.1.4  I  ns t rumen ta t i on  Papers 

13.  Application  of  Infrared  Spectrometric  Techniques  to  the 
Quantitative  Analysis  of  Hydraulic  Fluids  ASLE  trarr  i  tions 
volume  13,  99-104. 

14.  Data  Acquisition  Techniques  for  Fluid  Power  Systems 
OSU  paper  no.  P73-SP-5. 

15.  frequency  Output  Pressure  Sensors  Based  on  an  Application  of 
Surface  Acoustic  Wave  Technology.  SAE  paper  no.  760093. 


16.  Some  Applications  of  tne  Scanning  Electron  Microscope  in  Wear 
Studies  ASLE  transactions  volume  31,  10,  521-529. 

17.  Tne  Answer  to  Low  Cost  Data  Acquisition  OSU  paper  no.  P73-RQ-3. 

2.1.5  Wear  Papers 

18.  Analysis  of  Tapered  Roller  Bearing  Damage  ASM  report  no.  C7-11.1. 

19.  Applied  Wear  Anaiysi,;  A  Review  of  Some  Performance  and  Life  Tests 
on  Hydraulic  Pumps  OSU  paper  no.  P71-SP-5. 

20.  Bearing  Bronze  Wear  in  Hydraulic  and  Lubricating  Fluid 
Environments  ASLE  Transactions  volume  28,  408-41 1. 

21.  Effects  of  Rear  Axle  LuDricants  on  the  Fatigue  Life  of  Tapered 
Roller  Bearings  SAE  paper  no.  760329. 

22.  Friction,  Lubrication,  and  Wear  in  Machinery  U.S.  Dept,  of  Commerce 
NT  I S  AD-749  086. 

23.  Ideas  and  Hypotheses  on  Plain  Bearing  Failures  ASME  paper  no.  77DGP-13 

24.  Relative  Wear  Resistance  of  Metals  Under  Hydroabrasive  Wear 
U.S.  Dept,  of  Commerce  NTIS  AD-747-668. 

25.  Tribological  Interaction  Between  Piston  and  Cylinder  of  Model 
High  Pressure  Hydraulic  Pump.  ASLE  transactions  volume,  18,  1, 

21-30. 

2.1.6  Miscellaneous  Papers 

26.  Compiled  ASLE  Transactions  Volume  30,  Number  3  July,  1977. 

27.  Compatibility  of  Hydraulic  Systems  Material  ASLE  transactions 
volume  32,  6,  299-305. 

28.  Selecting  and  Installing  the  Hydraulic  Pump.  ASLE  19th  annual 
meeting  May  26-28,  1964. 

29.  Test  Techniques  for  the  Evaluation  of  Lubrication  Effects  on 
Axle  Break-In  Temperature.  SAE  paper  no.  760327. 

2.1.7  Cone  I  us  ions 

The  above  papers  were  reviewed  and  it  was  determined  that  little  work 
has  been  done  in  the  areas  of  universal  break-in  procedures,  break-in 
using  contaminated  fluid  and  long  term  effects  of  contaminated  fluid 
on  the  life  of  hydraulic  pumps. 


Break-In  Procedure  Survey  Summary 

2.2.1  Introduction 

In  course  of  tnis  program,  32  manufacturers  were  surveyed  by 
mail  to  determine  the  break-in  procedures  they  used  in  produc¬ 
ing  gear  pumps.  The  respective  manufacturers  surveyed  were  se¬ 
lected  from  those  listed  as  producing  gear  pumps  in  the  Hydrau¬ 
lics  and  Pneumatics  magazine  Designers  Guide  to  Fluid  Power 

Products.  The  results  of  this  survey  were  later  analyzed  and  || 

served  as  the  basis  in  developing  a  general  procedure  as  fol¬ 
lowed  in  this  program.  Survey  results  are  contained  in  appen¬ 
dix  F. 

2.2.2  Results 

Survey  results  indicated  considerable  agreement  in  the  break- 
in  procedure  used  prior  to  qualification  testing.  Most  com¬ 
panies  (61.5.)  reported  having  a  criterion  for  determining  the 
pump  break-in  point.  Tne  procedures  were  based  on  laboratory 
studies  (69.2  )  and  experience  with  the  product  (76.92)  in 
most  returns. 

In  (78.6  )  of  the  returns,  the  break-in  cycle  was  conducted  at 
constant  speed.  The  constant  speed  selected  was  1800  rpm  in 
4  cases,  rated  speed  in  4  cases,  and  some  other  speed  in  the 
remaining  2  cases.  It  was  observed  in  the  majority  of  responses 
that  constant  speed  was  established  quickly  but  some  companies 
increased  the  speed  slowly  or  even  i ncremental ly  to  that  re¬ 
quired  for  break-in.  Outlet  pump  pressure  was  varied  in  (69.2%) 
of  the  responses.  The  procedure  ranged  from  continuously  vari¬ 
able  to  "spiked".  In  most  cases,  pressure  was  increased  in 
steps  with  3  as  a  minimum  to  7  maximum.  The  respondents  unan¬ 
imously  reported  not  using  a  constant  torque  condition. 

Total  elapsed  time  of  tr,,.-  procedure  ranged  from  10  sec.  to  9 
min.  Typically  the  procedure  was  concluded  by  evaluating  flow 
at  a  particular  speed  arid  load  pressure.  The  unit  was  accepted 
if  it  met  specifications  or  historical  limits. 

> 

In  3  nf  the  Id  returns,  companies  reported  using  different  proce¬ 
dures  for  individual  pump  designs.  Otherwise,  the  indication  is, 
that  manufacturers  applied  a  particular  procedure  to  their  entire 
pump  product  line. 

The  following  is  a  ,uma- /  of  other  informition  also  reported  in  I 

t  he  break-  in  proo.-edu re  survey1.’ 

!  ,  i  d  :  Mob  i  I  b >3 

A .  7  .  f  .  r 

Texaco  Rando  :i,  An  *  i  Wear 
SAE.  If'i'l  &  nrifi  We-ir 
SAE  if:W 
Mot 1  I  e  DTE 
'r  ■/  rnn 


Lor,  t  .ini  rid  t 1  on  :  ■■  ::.g/ :  ,u  L  .  "  a  <. 

Water  Content  :  .  .  1  ,  Lo  i 

In  addition  to  regues 1 1  rnj  specific  information  concerning  the 
break-in  procedure,  opportunity  was  provided  to  survey  the  con¬ 
dition  of  fluid  used  in  production  test  stands.  Five  companies 
agreed  to  submit  oil  samples  and  a  result  summary  appears  on 
the  folic  i ng  page. 

T"he  contamination  levels  were  significantly  higher  than  expect¬ 
ed  based  upon  our  experience  with  those  we  have  normally  en¬ 
countered  in  hydraulic  systems.  With  respect  to  water  content, 
low  levels  were  observed  in  ail  samples  tested. 

Since  no  standards  exist  for  atomic  absorption,  conclusions  drawn 
are  intuitive.  Of  the  metallic  ions  analyzed,  copper  and  lead 
were  observed  in  high  concentrations  when  compared  to  the  other 
elements.  This  is  not  surprising  since  these  elements  normally 
comprise  bearing  materials.  The  indication  is  that  portions  of 
the  pumps  comprised  of  bearing  materials  are  seating  or  wearing 
i  n . 

While  high  concentrations  of  zinc  were  reported  in  all  cases,  this 
is  an  anti-wear  additive  found  in  many  commercial  hydraulic  oils. 


PRODUCTION  TEST  STAND  OIL  SAMPLE  RESULTS 


The  range  and  average  are  the  results  of  a  total  of  five 
Manufacture's  oil  samples.  Each  of  the  three  individual 
manufacturer ' s  results  are  presented  also.  Oil  samples 
were  submitted  by  respondees  to  the  gear  pump  break-in 
procedure  survey. 


TABLE  2.2.1 


CONTAMINATION  ANALYSIS  RESULTS  SUMMARY 


Particles  Per  Millilitre  Greater  Than 
The  Indicated  Micrometre  Size 


Water 
Content  % 
By  Volume 


427-17081 

64-2073 

8-471 

4.4-168 

2.8-74 

.008-. 01 6 

6268 

556 

135 

53 

25 

.0112 

1135 

168 

48 

18.2 

8.7 

0.013 

4156 

400 

128 

64 

35 

0.01 

17081 

2073 

471 

168 

74 

0.008 

Mfgr.  I 
Mfgr.  2 
Mfgr.  3 


PRODUCTION  TEST  STAND  OIL  SAMPLE  RESULTS 


The  range  and  average  are  the  results  of  a  total  of  five  manu¬ 
facturer's  oil  samples.  Each  of  the  three  individual  manufac¬ 
turer's  results  are  presented  also.  Oil  samples  were  submitted 
by  respondees  to  the  gear  pump  break-in  procedure  survey. 


TABLE  2.2.2 

ATOMIC  ABSORPTION  ANALYSIS  RESULTS  SUMMARY 


Concentration  Metallic  Ions  ppm  by  Weight 


0. 1 

39 

0.3 

30 

2.3  Assessing  Data  Accuracy  in  Fluid  Power  Testing 

2.3.1  Justification  for  Measurement  Accuracy 

The  basic  motivation  for  examining  measurement  accuracy  is 
the  realization  that  the  results  of  an  experiment  are  no 
better  than  the  measurements  made.  The  purpose  of  collect¬ 
ing  the  data  (measurements)  is  to  provide  a  data  base  for 
action  or  decision.  This  leads  to  additional  pressures  to 
assess  measurement  accuracy,  however,  accuracy  should  not  be 
any  greater  than  that  which  is  needed  to  decide  on  a  course 
of  action  with  reasonable  confidence. 

The  current  climate  of  social  and  legal  influences  as  re¬ 
presented  by  the  courts,  the  legislatures,  and  consumer  ad¬ 
vocacy  groups  are  demanding  better  and  safer  products,  so  it 
is  necessary  that  we  have  more  reliable  test  results.  De¬ 
cisions  can  then  be  made  regarding  the  quality  of  the  product 
under  test  and  those  decisions  can  be  made  with  reasonable 
confidence. 

The  accuracy  and  validity  of  any  conclusions  formed  as  the 
result  of  experimental  work  depends  upon  the  validity  of  the 
various  measurements  made  during  the  experiment.  Since  the 
measurement  process  basically  involves  comparing  an  unknown 
quantity  to  a  known  one,  there  exists  a  need  for  universally 
recognized  and  accepted  standards.  Instruments  used  in  the 
laboratory  and  for  that  matter  commerce,  are  calibrated  a- 
gainst  a  standard.  In  the  United  States,  the  National  Bureau 
of  Standards  (NBS)  serves  as  the  source  of  universally  recog¬ 
nized  standards.  Through  various  agencies,  these  standards 
find  wide  acceptance  in  commerce.  For  example,  state  agencies 
routinely  inspect  supermarket  weight  scales  and  service  station 
gas  pumps  for  accuracy  traceable  to  NBS.  However,  evidence 
exists  that  maximum  use  of  traceability  to  NBS  is  lacking  in 
some  Fluid  Power  testing  laboratories.  There  exists  a  poten¬ 
tial  for  growth  in  this  area.  Currently  the  National  Fluid 
Power  Association  is  in  the  process  of  re-establishing  a 
measurements  project  group  and  is  including  traceability  re- 
guirements  in  the  scope  of  its  work. 

However,  the  existence  of  standards  for  calibration  is  not 
totally  sufficient.  In  calibrating  instruments,  there  exists 
a  difference  between  an  instrument's  accuracy  and  its  preci¬ 
sion.  Accuracy  refers  to  confidence  in  close  correlation  be¬ 
tween  the  same  measurements  in  one  location  and  another,  or 
between  a  measurement  and  a  recognized  standard  all  with  the 
same  result.  Precision,  on  the  other  hand,  implies  careful 
measurements  under  controlled  conditions  which  can  be  repeat¬ 
ed  aoain  and  again.  Precision  then  is  related  to  confidence 
in  successive  measurements  with  the  same  equipment  and  oper¬ 
atin')  conditions.  It  is  entirely  possible  to  have  precision 


without  accuracy.  Ideally  an  instrument  should  possess  both 
attributes  and  the  purpose  of  calibration  is  to  verify  this. 

More  will  be  said  on  this  subject  later. 

2.3.2  Sources  of  Errors  in  Measurement 

While  instrument  calibration  is  a  prerequisite  for  accurate 
measurements,  other  factors  do  influence  the  results.  A  brief 
review  of  some  of  these  is  appropriate  but  we  will  not  dwell 
on  these. 

Certainly  the  type  of  measurement  made  will  affect  results. 

There  are  basically  three  types:  A  primary  measurement  is  one 
that  can  be  made  directly,  with  no  translation  of  the  measured 
property.  An  example  of  this  is  the  measurement  of  linear 
dimensions  with  a  ruler.  A  secondary  measurement  involves  one 
translation.  The  measured  quantity  may  not  be  made  directly. 

An  example  of  a  secondary  measurement  is  a  Bourdon  tube  pressure 
gauge.  Pressure  is  translated  into  a  scale  movement.  Tertiary 
measurements  involve  two  translations .  A  typical  example  is 
the  measurement  of  rotational  shaft  speed  using  an  electric 
tachometer.  In  this  case,  speed  is  translated  to  voltage  and 
voltage  is  translated  to  a  scale  movement  on  the  meter  readout. 

It  is  obvious  the  possibilities  for  error  increase  with  the 
type  of  measurement  made  from  primary  to  tertiary. 

In  general,  it  is  possible  to  classify  measurement  errors  into 
four  types:  observation  errors  (human  error  made  by  the  obser¬ 
ver  in  reading  a  scale  and  pointer),  translation  errors  (instru¬ 
ment  originated,  for  example  inertia  and  hysteresis  effects), 
signal  transmission  errors  (such  as  a  voltage  drop  along  the 
wires  between  transducer  and  readout),  and  instrument  location 
errors  (an  example  of  which  is  ignoring  an  elevation  difference 
between  pressure  gauge  and  tap).  In  application,  other  factors 
as  the  test  procedure  used  and  degree  of  control  of  parameters 
in  the  experiment  will  effect  the  final  test  results  and  there¬ 
fore  the  conclusions  drawn.  These  will  not  be  dealt  with  further 
here  but  are  included  since  acknowledgement  of  their  existence  is 
important. 

?.3.3  Assessment  of  Measurement  Accuracy 

As  we  have  just  observed,  there  are  several  sources  of  error 
possible  in  physical  measurements.  It  is  usually  desireable  to 
distinguish  between  systematic  errors  and  random  errors  in 
calibration  processes.  First  we  shall  define  what  is  meant  by 
systematic  errors. 

Systematic  errors  are  those  which  remain  constant  through  all 
repetitions  of  the  measurement  process  and  produce  a  drift,  trend, 
or  other  predictable  pattern  among  repeated  measurement  results. 


They  are  not  ordinarily  evident  from  an  examination  of  the 
data  but  are  detectable  by  making  comparisons  to  a  standard 
or  with  results  from  other  processes  or  methods. 

Random  errors  on  the  other  hand  can  be  defined  as  non-system- 
atic  and  are  exhibited  in  repeated  measurements  of  the  same 
quantity  varying  in  an  irregular  manner  without  a  discernable 
or  predictable  pattern. 

In  the  calibration  procedure  to  be  defined  later,  these  errors 
are  taken  into  consideration .  The  important  point  in  consider¬ 
ing  these  errors  though,  is  to  use  them  as  a  criterion  in  in¬ 
strument  selection. 

Typically,  Fluid  Power  standards  require  instruments  to  be  se¬ 
lected  which  are  accurate  within  +2.-1.  This  is  somewhat  nebu¬ 
lous  because  a  percentage  is  a  ratio  of  two  numbers,  and  if  the 
standard  does  not  specify  the  source  of  both  there  is  no  way 
to  implement  the  criterion.  In  1973,  the  M.S.O.E.  Fluid  Power 
Institute  surveyed  over  180  industrial  Fluid  Power  Labs  through 
out  the  U.S.  and  reached  several  revealing  conclusions. 

First,  there  is  no  way  to  effectively  prove  or  disprove  a  given 
accuracy  claim,  and  second,  even  though  different  labs  used 
similar  instruments,  their  accuracy  claims  differed  by  as  much 
as  10’S,  Today's  standards  explain  the  test  procedures,  and 
sometimes  spell  out  the  circuit  and  exact  equipment.  They  also 
show  how  data  is  to  be  presented  but  they  offer  no  assistance 
in  assessing  the  level  of  accuracy  achieved  or  how  to  arrive  at 
the  required  accuracy  level. 

As  a  minimum,  calibration  must  prove  the  instrument  to  be  re¬ 
peatable  to  a  degree  less  than  the  end  accuracy  required  and 
in  a  cost  effective  manner.  The  instrument  manufacturers  and 
metrologists  have  developed  calibration  standards  which  are 
necessary  to  evaluate  intrinsic  errors  of  the  instrument  only. 
The  instrument  users  have  developed  test  procedures  based  upon 
Fluid  Power  needs,  and  in  them  have  stated  the  end  accuracy 
needed  in  the  measurements  specified.  As  a  result,  the  labor¬ 
atory  is  required  to  bridge  the  gap  between  the  end  accuracy 
specification  and  the  instrument  manufacturer's  specifications 
by  engaging  in  what  must  be  construed  as  the  black  art  of  test¬ 
ing.  What  is  needed  is  a  procedure  which  addresses  the  evalu¬ 
ation  of  instrument  accuracy  through  calibration  prior  to  use 
in  testing. 

When  this  procedure  is  developed  and  accepted,  it  should  be 
incorporated  in  individual  test  standards  since  each  carries 
its  own  accuracy  and  instrumentation  needs  based  upon  the  na¬ 
ture  and  use  of  the  physical  quantities  to  be  measured.  But 
before  further  progress  can  be  achieved  in  developing  this  pro¬ 
cedure,  a  controversy  which  currently  exists  in  the  standards 


arena  must  be  reconciled.  This  controversy  relates  to  the 
use  of  percent  of  reading  versus  percent  of  maximum  measured 
value  in  assessing  measurement  accuracy.  This  leads  to  a 
logical  question,  what  is  the  di f ferencn.  Let  me  explain. 

Percent  of  reading  requires  that  all  measurement  be  within  the 
stated  accuracy  required  and  necessitates  that  the  instrument 
oe  changed  as  the  measured  value  rises  and  falls.  Its  only 
advantages  are  that  it  prevents  an  overranged  instrument  from 
being  used  near  the  bottom  of  its  scale  and  it  is  easy  to  spe¬ 
cify.  But  these  advantages  are  overshadowed  by  the  impracti- 
cality  of  the  concept.  In  many  tests,  the  i nstrument'  may  not 
be  conveniently  changed  particularly  when  dynamic  measurements 
are  being  made  over  a  large  range  of  values.  Also,  one  has 
to  pose  the  question,  why  is  one  ten  times  more  interested  in 
say  the  flow  out  of  a  pump  when  it  is  operating  at  10%  of  rated 
speed  than  one  is  when  at  full  rated  speed?  It  is  hard  to  con¬ 
ceive  of  a  situation  where  one  would  be. 

Percent  of  maximum  measured  value  on  the  other  hand  is  practical, 
economical,  and  represents  current  industrial  practice.  This 
concept  however  is  easy  to  implement  but  difficult  to  document. 

from  a  knowledge  of  the  component  to  be  tested,  the  nature  of 
the  test,  the  maximum  value  of  say,  flow,  is  anticipated  and 
a  flow  meter  is  selected.  The  selection  criterion  is  based 
on  formulas  which  use  instrument  design  features,  calibration 
data  and  accuracy  needs.  Once  selected,  the  flow  meter  is  not 
chan-jed  throughout  the  test  regardless  of  how  low  the  flow  may 
go.  We  advocate  adoption  of  percent  of  a  maximum  measured  value 
as  a  data  accuracy  requirement.  Again  each  test  standard  though, 
must  have  its  own  accuracy  requirements  and  instrumentation  needs. 
Each  must  be  considered  as  an  individual  entity.  Although  this 
sounds  complicated,  it  reflects  what  is  being  done  in  industry 
today  and  it's  not  all  that  complex  once  you  get  into  it. 

2.3.4  Proposed  Approach  to  Assessing  Measurement  Accuracy 

The  approach  we  are  proposing  for  assessing  measurement  accuracy 
bridqes  the  n.-  o  between  instrument  manufacturers '  specifications 
and  the  end  accuracy  needed  in  the  laboratory  measurement  process. 
We  are  proposing  a  procedure  for  instrument  calibration  which 
develops  a  mathematical  model  and  then  assesses  the  amount  of 
calibration  error.  The  total  error  arrived  at  in  this  procedure 
is  the  sum  of  the  reference  standard  error,  calibration  error, 
and  readability  error.  While  metrologists  may  argue  about  how 
to  classify  these  errors  as  either  systematic  or  random,  we  are 
proposing  to  add  them  linearly  but  further  work  is  obviously 
needed.  Details  of  the  procedure  may  be  found  in  appendix  G 
but  let  us  now  review  some  of  the  general  concepts. 

The  first  error  we  are  concerned  with  is  the  error  of  the  reference 


standard  used  in  c  a  ,  i  !>r<i  t  i  nq  tne  working  instrument.  This  error 
is  easily  obtained  either  from  the  manufacturer  or  certifying 
agency  who  provided  certification  traceable  to  N.B.S.  on  the 
standard.  I  he  reference  standard  error  is  usually  the  smallest 
of  the  three  errors  we  are  concerned  with. 

The  calibration  error  is,  as  its  name  implies,  determined  through 
a  calibration  comparison  with  the  reference  standard.  This  com¬ 
parison  is  made  at  each  of  10  equal  increments  of  the  maximum 
value  of  measurement  expected  in  data  collection.  It  should  be 
recognized  tnat.  only  if  a  number  of  repeated  trials  at  each 
increment  are  conducted,  only  then  can  a  trend  be  established 
and  the  existence  of  any  difficulties  noted.  Therefore  five 
trials  for  each  measurement  increment  are  performed.  If  a  work¬ 
ing  instrument  is  known  to  be  subject  to  hysterisis  effects  the 
five  trials  should  be  performed  for  both  increasing  and  decreas¬ 
ing  values  at  each  increment. 

Having  collected  the  necessary  calibration  data,  the  calibration 
error  may  now  be  determined  using  one  of  the  four  following  math¬ 
ematical  models.  The  first  order  model  makes  direct  use  of  the 
indicated  value  of  a  readout  device  without  resorting  to  any 
corrections.  In  other  words,  the  instrument  and  readout  device 
are  the  mode  1 . 

A  second  order  mathematical  model  assumes  that  the  indicated 
value  is  related  to  the  actual  value  of  a  physical  variable  and 
any  influencing  environmental  factors  throuqh  a  formula  of  the 
form; 
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where  L  is  one  of  n  influencing  environmental  factors,  f  (E.)  is 
the  functional  manner  in  which  E.  affects  the  measurement  of1 the 
actual  value  and  a.  is  a  linear  Coefficient  which  affects  the 
degree  of  effect. 

f ( E  - )  may  be  determined  by  any  one  of  the  following  methods: 

I.  Use  acceptable  theories. 

?■  Use  empirical  data  .is  rnt.,j <, u r>-d  durinn  controlled  experiments 
during  Working  Instrument  Calibration. 


3.  Use  manufacturer's  data,  such  as,  for  instance,  zero 
shift  due  to  temperature,  or  span  shift  due  to  viscosity, 
etc . 

4.  Ignore  Environmental  ractors  when  they  are  brought  into 
sufficient  agreement  in  the  Measurement  Situation  with  the 
values  that  existed  during  the  Calibration  Situation. 

5.  Ignore  Environmental  factors  which  are  known  to  have  an 
insignificant  influence  upon  the  Indicated  Value. 


Evaluate  b0 ,  bj  ,  and  a,-  using  linear  regression  on  all  data 
from  all  trials  of  calibration  conducted. 

A  third  order  mathematical  model  makes  use  of  a  point  to  point 
correction  under  the  assumption  that  corrections  are  linear 
when  t,,e  indicated  values  in  the  measurement  situation  lie 
between  data  points  used  during  the  calibration  situation. 

The  fourth  order  mathematical  model  accomodates  complex  math¬ 
ematical  functions  which  relate  the  actual  value  to  the  indi¬ 
cated  value  and  any  influencing  factors.  It  has  no  specific 
general  form. 

The  calibration  error  then,  is  determined  by  either  first  im¬ 
plementing  the  model  or  using  the  data  directly  to  find  the 
differences  between  the  mean  value  of  the  5  trials  and  each 
trial  value  for  all  calibration  increments.  The  standard  de¬ 
viation  of  all  the  differences  is  then  calculated.  The  cali¬ 
bration  error  is  equal  to  two  times  this  standard  deviation 
for  a  95  confidence  level. 

The  final  step  before  the  total  measurement  error  can  be  eval¬ 
uated  is  to  ascertain  the  readability  error  (RE)  in  the  read¬ 
out  device.  Here  however,  it  is  necessary  to  distinguish  be¬ 
tween  analog  and  digital  devices.  Of  the  two  types  of  readout 
devices,  the  digital  error  is  most  easily  determined.  Its  value 
is  equal  to  the  smallest  change  in  the  lease  significant  digit 
or  the  smallest  integer  change  possible  for  the  particular  read¬ 
out. 

The  readability  error  for  an  analog  device  is  calculated  by  using 
the  following  formula: 

^  Value  of  the  Smallest  Scale  Division 
(RE,  x  Rf  ,,  +  2) 

I  ( 


where  RT |  and  RFy  are  determined  from  the  properties  of  the  read¬ 
out  device  in  the  following  manner.  It.  is  assumed  that  the  in¬ 
strument  is  equipped  with  a  parallax  error  minimizing  feature. 


RF ]  is  determined  D y  rinding  '.nr  widen  of  the  smallest  scale 
division  (W)  in  nun  and  substituting  in  the  appropriate  formula 


below; 
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■>“) 

W 

> 

U .  5  mm 

RF, 

■  (, 

W 

£ 

0 .  5  min 

is  determined  in  the  To  Mowing  fashion.  First  estimate 
the  width  of  me  pointer  to  the  nearest  0.25  mm  in  the  region 
on  the  pointer  where  the  reading  is  interpreted.  Divide  the 
width  of  the  smallest,  scaie  division  found  previously  by  the 
pointer  width  to  form  the  ratioo(.  Calculate  RF2  by  using  the 
appropriate  formula  as  determined  by  the  value  of  cC  ; 


L 


RF  .  -  0 


oC  =  1.0 
<.  1 .0 


By  adopting  the  procedures  set  forth  in  this  paper,  a  practical 
means  is  provided  for  assessing  data  accuracy.  The  suitability 
of  an  instrument  for  use  in  a  particular  measurement  situation 
may  also  be  determined  in  a  practical  manner.  If  the  total 
error  as  determined  in  this  procedure  does  not  exceed  the  accur¬ 
acy  required  in  the  measurement  situation,  regardless  of  where 
in  the  instrument’s  range  measurements  are  made,  the  instrument 
is  considered  acceptable  for  use.  Scientific  evidence  then  forms 
the  basis  for  judging  the  suitability  of  instruments  instead  of 
rules  of  thumb  for  example,  do  not  use  an  instrument  for  measure¬ 
ment  below  25  of  full  scale.  Any  instrument  can  be  used  in 
any  portion  of  its1  usuable  range  if  it  can  be  demonstrated  that 
it  meets  the  acnuracy  requ i rements . 


I 


2.4  Pressure  Calibration 

2.4.1  Introduction 

The  usual  method  for  measuring  pressure  is  by  secondary 
measurement,  using  a  pressure  gage  to  translate  pressure 
into  a  scale  movement  or  a  pressure  transducer  which  trans¬ 
lates  pressure  to  a  proportional  voltage.  Hence,  accurate 
calibration  is  a  necessary  prerequisite  to  accurate  pressure 
measurements 

2. 4. 1 . 1  Def i ni tions 

Pressure  is  defined  as  force  per  unit  area  and  is 
measured  either  in  units  consistent  with  this  or 
in  terms  of  an  equivalent  head  of  some  standard 
liquid.  When  a  fluid  is  at  rest,  the  pressure 
within  it  at  any  one  point  is  omni  -  directional 
(Pascal's  Principle),  but  definite  directional 
effects  exist  within  fluids  in  motion.  The  main 
difference  between  a  pressure  within  a  static  fluid 
and  a  stress  within  a  static  solid  lies  in  the  fact 
that  the  stress  will  have  definite  directional  e- 
ffects,  wnile  pressure  will  not.  The  calibration 
work  described  here  concerned  itself  with  static 
liquid  pressure. 

2.4.2  Traceability 

Pressure  is  traceaDle  to  N.B.S.  thru  an  Ashcroft  dead  weight 
tester  type  1305,  certificate  of  accuracy  number  2GH-21398 
from  Manning,  Maxwell,  ard  Moore,  Inc.,  Stratford,  Conn, 
dated  March  30,  1978.  Accuracy  is  certified  to  one  tenth  of 
one  percent. 

2.4.2. 1  Source  Flow  Chart 


FIGURF  2.4. 1 


N.B.S. 


'Distance  w 

r - - P 


Weight 


Manning , 

FPI 

Maxwel 1 

Dead  Weight 

and 

Moore  Inc. 

Pressure 

Tester 

ft 


ft 


j 

» 


ft 

1 


4 .  j  Ca I i brat  ion  o’’ 


f*  i  )  i  ’  .*• 


net-  ores*  .$$>■  force  per  unit  a  red ,  one  method  for 
.11 1  i kr.owr  pressures  i s  to  use  a  device  which 
will  on;, s,-  j  .  nown  force  upon  a  known  cross-secti  ona ! 
area.  a  jev  ice  is  the  Ashcroft  dead  weight  tester 

rt-iun  serve1  ,  our  lab  reference.  It  consists  of  a 
ry;i. .  i  c  f  •  i !  cd  witn  oil  connecting  the  instru- 

•t-  o  ;■■■•  .  ivi-n  is  tor.  in  a  vertical  cylin- 

ier,  i re.  .  ca'C  ,:.r,o  re  reservoir.  Calibrated 

.v  ■  .  ,-c  ;;r  udfievj  t-  ..hi;  top  of  tne  pis- 

V  (  ’  ,-ji  r.  ,  v  i 1  ,  i  re  a  i.e'enS  pi'-.-.  Pressure  IS  de- 

, :  •  .  j  i  *  ►  ,•  M.im)  ■ .  n  t  i  ,  ;  oiston  floats 

~  .s’,  .  r  .''Oi  nt  *  he  ..,r'i  SiUfr  'i.ii  rierf  is  that  as 

G  t  *. *  O'  fit;  -  .  ’  r:  t  •  .*•  tl  '  (  h  l  S  1 G  (.1  tf  Ci  . 

4  .  ,4  .  J  r  r(.K  *Y.i  >.i  ?>' 

:  rU;  C  T  <w  MS  G  JI.  *  *  f*  w  i  >  t  uf.  tt/G  t-’1  tGt*  r**»  hC  r"0  f  t  dCdd 
wr’snt  tt.'Slnr  <m«:  tj  i  r  r  i  r  ..i  ,  i  v  T.o  tn^  transducer  power 
sl4;.;) )  » •  s  iof  ;  'li'.p  i  ;  Tier .  ’  ''OH;  the  transducer 

was  o’-.f  ;>eo  u.-i  data  jcceisuion  system  (DAS).  The 

•  Mni'.-i  use-.  .1  '  i  ■ ;  r  j 1 1 or  wo  >  t.se  same  as  that  used 

duel  ng  * es  i ;  . 

Prior  to  cj:  ,r.,  tr>*  t. ran s lucer  zero  was  set  and 

*>.  •  r  .•<  .  ,'•■■!  obt.nr*.  the  required  gain  with 

tr:c  A  ,  r ,  r:  r:  ,-m  :  »ve  <  < .  r  •  'ester  providing  a  reference 

Miur  c--  .  ’  s raa  ;  f  pressure.  Pressure  was  then  released 

.in  I  t  >  er  s  zero  output  was  recorded  on  the  data 

a  .4  u  i  -  '  .  i  •  ■  *  •  ■  . 

■  <i  i  i:>r  r  ..roceoare  fo i  i owed  is  described  in 
a;  ,  ;•  .  !  •.  «  ".  ’’•he  nu-inmni  expected  value  of 

, m  .. s ; re  1  Mi! .  ,  wa  ,  determ.ined  and  10  equal  increments 
r>,lt'  ./ 1 .  A:..r •"  used  ir  calibration.  The  Ashcroft 

j-Md  wf  >:n-  was  uui'ipe'i  uH  to  the  first  increment 

and  f :  it  transducer  out  out  was  ’■'eioirced  oy  the  DAS  print- 

•  Ill1,  wa  erasing  or-.-  sure  vai.-e.  Decreasing 

l.r-eSLih:  f '  ■  i '. u  I  obtained  wi*r  the  Ashcroft  dead 

weight  'este‘-  O'  -■  nas  an  interna!  meonamca)  piston 

t<>;  .  n  •  s  ;  t  -  a  t , .  r  ■  ■  • .  ■  •  rrt  1 1  s  increasing  pressure  beyond 

t  par  1 1 ,,  i a r  .  >'es  ,  ,  •  .  rernent  witr  tne  same  weights 

i  ,  req.i i r»»<i  :  r  that  1  rK remen t .  1  he  pressure  increment 

':,i/  tner.  tie  a .  ,,r  ca c ted  m  the  decreasing  direction  by 
bi  n  ;  o  '  ;.»••••  v;r*'  until  the  weights  are  floating  using 
ro  ..  ■  .  .. u  , f •  [,  P.»ii  vyi  v  nr »—  <i  used  for  re- 

,  .  i  n  :  ‘  r  insuiji.  -r  . *o-,-)S  i  nn  pressure 

v  i,  .,'  :  "  :  c  :;m r.r.e •' .  1  n;  »'ea‘.  i  ng  and  de- 

■•"i  ■  i  :  r.;ed  j  o.AS  and  the  pressure 

;  ,  .*•  : 1  tr  -ei  recorded  for 


2. 6. 3. 2  Procedure  for  Calibration  of  Lab  Reference. 

NOTE:  In  order  to  establish  consistency  with  the 
Wisconsin  Dept,  of  Agriculture  calibration 
methods,  the  displacement  volume  was  cali¬ 
brated  using  water. 

The  problem  here  was  to  determine  the  volume,  within 
the  volume  calibrator,  that  corresponded  to  the  upper 
and  lower  slots  on  the  flag.  Also,  to  determine  the 
repeatabi 1 i ty  of  the  liquid  level  at  which  the  trigger 
circuit  would  fire  at  both  the  upper  and  lower  slots. 

To  test  for  liquid  level  repeatabi 1 i ty ,  an  upright 
plexiglass  tube  with  a  needle  valve  shut-off  was 
attached  to  the  side  of  the  volume  calibrator. 

With  the  needle  valve  open,  the  volume  calibrator  was 
filled  with  water  until  the  upper  displacement  trigger 
level  (lower  slot)  was  reached  and  the  level  detection 
circuit  had  triggered.  Liquid  was  drawn  up  the  plastic 
tube  using  a  vacuum  pump.  This  lowered  the  liquid  level 
in  the  volume  calibrator  to  a  point  below  the  trigger 
level.  The  vacuum  in  the  displacement  tube  was  re¬ 
moved  and  the  needle  valve  was  closed  maintaining  the 
height  of  the  water  column.  The  needle  valve  was 
opened  to  allow  the  liquid  level  in  the  plastic  tube 
to  fall  (liquid  level  in  the  volume  calibrator  rose). 
When  the  start  signal  from  the  trigger  circuit  acti¬ 
vated,  the  needle  valve  was  quickly  shut  off  and  the 
liquid  level  in  the  plastic  tube  was  marked.  This 
procedure  was  repeated  nine  more  times.  An  arbitrary 
datum,  on  the  plastic  tube,  was  selected  and  the  dis¬ 
tance  from  the  datum  to  each  of  the  ten  recorded  levels 
was  measured  and  an  average  was  calculated.  The  liquid 
level  in  the  plastic  tube  was  adjusted  until  it  reached 
the  average  value  of  the  ten  trials,  then  the  needle 
valve  was  closed.  This  was  designated  as  the  best 
estimate  of  the  upper  displacement  volume  level. 
(Standard  deviation  of  the  upper  level  trigger  points 
was  0.86  cu.  in.  out  of  9333  cu.  in.). 

The  next  problem  was  to  determine  the  net  volume  between 
the  upper  and  lower  limits.  Using  the  Seraphin  buckets, 
eight  5  gallon  measures  and  one  1  gallon  measure  total¬ 
ing  41  gallons  were  removed  from  the  vo^umt  calibrator 
(the  needle  valve  was  closed).  This  dropped  the  li¬ 
quid  level  below  the  lower  trigger  point,  meaning  that 
too  much  was  removed.  An  addition  of  2000  c.c.  volume 
of  water  was  put  back  in  to  compensate  for  some  of  the 
overdraft.  At  this  point,  the  trigger  was  impending  but 
not  actually  reached.  The  needle  valve  was  opened  and 
the  water  level  in  the  plastic  tube  was  allowed  to  fall 
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2.1  Traceability  Flow  Chart 


Figure  2.6.2 


2.6.3  Calibration  of  Laboratory  Reference 

2.6.3.  1  Lab  Reference  -  The  laboratory  reference  is  a  stand¬ 
pipe  flow  rate  calibrator.  It  consists  of  two  55 
gallon  drums  welded  together  with  the  tops  cut  out 
in  order  to  make  one  long  container.  The  lower  half 
conditions  the  flow,  i.e.  dampens  the  momentum  forces 
and  straightens  the  flow  pattern.  The  upper  half  con¬ 
tains  the  displacement  volume.  A  float  was  placed  in¬ 
side  the  barrels  to  help  define  the  upper  boundary  of 
the  liquid  level.  Also,  this  float  was  used  to  sup¬ 
port  a  flag  with  horizontal  slots.  The  distance  be¬ 
tween  tne  upper  and  lower  slots  corresponds  to  the 
calibrated  displacement  volume  inside  the  barrels. 

A  photo  electric  detector  consisting  of  a  light  source, 
fiber  optics,  and  a  photo  conductor  were  used  as  the 
triggering  mechanism.  The  light  source  was  positioned 
in  front  of  the  flag  and  as  the  liquid  level  rose,  the 
upper  slot  passed  the  photo  conductor  permitting  light 
through.  This  provided  tne  start  signal  for  the  in¬ 
strumentation.  Tne  stoo  siqnal  was  initiated  when 
the  lower  slot  passed  the  photo  conductor. 
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Ticjure  2.6.1 
VOLUME  STANDARDS 
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2.6  Flow  Cal ibration 


2.6.1  Introduction 

Flow  calibration  on  the  working  instruments  was  performed 
using  a  "time-vol ume"  liquid  flow  calibrator.  The  method 
employed  is  called  a  standpipe,  or  level  sensing  method 
and  the  flow  rate  is  determined  by  measuring  the  time  re¬ 
quired  for  the  liquid  surface  to  travel  from  one  predeter¬ 
mined  level  to  another. 

2. 6. 1 . 1  Def ini tions 

1.  Flow  Rate  -  The  volume  of  a  fluid  passing' 
through  a  conductor  per  unit  of  time. 

2.  Flow  Calibrator  -  Container  with  calibrated 
volume  and  a  system  which  provides  a  start 
and  stop  signal  to  determine  the  interval  of 
time  required  for  the  fluid  to  be  displaced 
into  the  calibrated  volume. 

3.  Displacement  Volume  -  The  calibrated  volume 
of  fluid  to  be  displaced  into  the  flow  cali¬ 
brator. 

2.6.2  Traceability 

Frequency  -  Frequency  is  traceable  to  NBS  through  ABC 
Television  Network  and  NBS.  Time  and  Frequency  Bulletin 
No.  250  September  1978.  Accuracy  is  certified  to  3  parts 
in  1  million. 

NOTE:  Because  of  the  relationship  between  time  and  fre¬ 
quency  ( f -  __  1_  _  the  error  is  assumed  to 

period  ("time) 

be  the  same  whether  using  time  or  frequency.  See 
paragraph  2.5  (Frequency  Calibration). 

Volume  -  Volume  is  traceable  to  NBS  through  Seraphin  5 
gallon  and  1  gallon  test  measures,  through  the  Wisconsin 
Dept,  of  Agriculture  -  Weights  and  Measures  Laboratory. 
Wisconsin  Test  No.  816  dated  February  2,  1978. 


2.5.4  Results 


NBS  has  to  measure  all  these  signals  as  they  occur  and  publish 
the  result  after  the  fact.  However  the  atomic  clock  drift  is 
so  little  and  the  standard  offset  is  very  rarely  violated  ex¬ 
cept  for  component  failures  and  down  time  which  is  published. 

2.5.5  Conclusions 


2. 5. 5. 1  Uncertainty  of 
1.1  x  1 0" 3  hz . 

2. 5. 5. 2  Uncertainty  of 


Counter  No. 


Laboratory  Reference  Standard 

Working  Instruments 
Uncerta i nty 


i  s 


1985 

3869 

3870 


1.1174 

X 

10'6 

sec 

2.5142 

X 

10‘6 

sec 

8.3809 

X 

10~7 

sec 

8. 3809 

X 

10"7 

sec 

3874 


ns  iii'i  the  I  mu'  /one  you  arc  in  and  i  in  apurupr  i  .1 1  •• 
in  which  the  od  !  i  bra  L  ion  was  performed  ,  roar!  '.in-  'iff'-, 
i  ,  fed  in  parts  io' * 

This  number  should  orilv  vary  from  whicti  1  . 

I  nr  i dua I  number  (tins  corresponds  to  exactly 
i5/'h>4‘>4 .  .  Hz  )  ,  by  only  +  10  parts,  i.e.  (-Kilo) 
to  parts  in  I (>  .  This  variation  is  so 

'mall  that  it  only  affects  the  l?th  digit. 

Correct  the  color  subcarrier  frequency  at  ca  1  i  bra t. ton 
time  using  the  relative  offset  for  the  same  tune 
period  and  compare  this  number  to  the  number  recorded 
from  the  Frequency  counter  at  calibration  time,  to 
determine  calibration  traceable  to  NBS. 

et  time  traceable  to  NBS,  one  merely  has  to  take 
inverse  of  the  Frequency  recorded  at  calibration  time 
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Figure  2  .  S. i 
COUNTER  CALIBRATION 

Frequency  counter  calibration 
using  the  3.58  MHZ  frequency 
test  point  available  from  the 
coior  television  set. 


WalT.  up  Lfi--  ;  ,  lOjIUiT'  10;  a  l  — a  ..  t  an  nour 

;  >  r  i  i  ■  f'  to  Cii  .  i  orat ; .  ■. .  Tnr,  is  v-r/  important  because 
it.  allots  proper  stani  li/alion  of  (no  internal  clock . 

t‘<  ;  or  to  ca  I  i Drd 1 1  or.  order  the  NBS  monthly  Time 
and  Frequency  Measurement  Publication  report  tor  the 
next  month.  See  Appendix  B  for  address. 

This  is  an  official  publication  of  the  National 
Bureau  of  Standards  and  is  needed  to  verify  the 
accuracy  or  , he  calibration  on  trie  day  tnat  it  was 
performed.  It  contains  a  list  of  now  far  off  from 
t ne  center  f  requeue y  trio  eo  lor  Subcarr'er  was  for 
the  particular  day;  and  tor  tne  particular  network 
u  s  ed . 

Tun-  trie  in, or  television  set  to  ei  tner  an  ABC, 

NBC  or  CBS  network  program,  suen  <is  ABC  Evening  News, 

CBS  Wednesday  Night  Movies,  NBC  Tonight  Show  etc.. 

Be  sure  to  have  a  sharp  pictjre  (or  a  good,  well 
defined  waveform  when  viewing  the  color  subcarrier 
on  an  osc i 1 1  'scope ) . 

Connect  the  set  to  tne  i  requency  counter  to  be 
calibrated,  observing  signal  and  ground  connections. 
Adjust  the  input  triggering  level  until  a  properly 
locked  in  signal  is  obtained.  The  counter  should 
read  35795454  HZ  +  1  count  on  the  least  significant  digit 

Adjust  the  counter  to  read  557 95454  (repeating)  by 
tuning  tne  crystal  oscillator  loading  capacitor.  This 
is  the  Fine  Frequency  Adjustment  on  the  counter  and 
is  clearly  accessible  and  labeled  on  most  Frequency 
counters . 

You  can  now  assume  tne  frequency  counter  to  be 
tentative;  /  calibrated  and  ready  for  us.  It  is  very 
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A  prescaler  is  an  electronic  counting  device  wnich  divides 
high  frequency  by  a  factor,  usually  an  integer  power  of  two 
(2n).  A  single  device  may  provide  division  up  to  2‘”  counts 
input  per  every  count  output. 

The  same  calibration  would  be  obtained  with  a  crystal  refer¬ 
ence  but  to  a  lesser  accuracy,  up  to  one  part  in  10/  reliably 
which  is  traceable  if  tne  references  are  maintained  calibrated 
to  NBS  at  regular  suggested  intervals.  This  interval  is  dic¬ 
tated  by  th*_  drift  rate  of  tne  crystal  reference,  usually  given 
in  parts  lCr  to  parts  in  10'1  per  day. 

There  is  a  way  however,  to  obtain  a  useable  reference  signal 
whose  frequency  is  from  an  NBS  traceable  cesium  or  rubidium 
source.  This  signal  is  the  color  frequency  subcarrier  for 
color  television  which  is  under  strcit  NBS  supervision  and 
must  be  within  a  strict  tolerance  of  plus  or  minus  4  x  Ur 
parts.  However,  tnis  figure  is  based  on  an  averaging  of  150 
hours  per  week  and  cannot  always  be  expected  to  be  tnis  small. 
The  deviations  from  3.58  megahertz  NBS  color  frequency  for  the 
three  major  networks  $re  published  monthly  and  are  given  in 
parts  deviation  in  10  .  Note  that  tie  standard  offset  is 

minus  3000  parts  in  i 0';.  See  the  sample  from  the  February 
1979  issue  of  the  NBS  Time  and  Frequency  Bulletin  in  appendix 
B.  This  publication  is  available  from  the  Department  of 
Commerce,  NBS,  free  of  charge.  See  appendix  B  for  address. 


The  color  frequency  subcarrier  is  available  from  the  output 
of  the  color  demodulator  circuit  in  any  color  television  and 
one  must  refer  to  the  schematic  for  the  television  in  question 
for  the  proper  pickoff  point,  usually  clearly  shown.  However 
note  that  the  program  on  the  set  mast  originate  at  the  major 
network,  in  other  words  tne  program  must  be  a  network  movie  or 
news  broadcast  and  not  a  local  station  program  or  show. 


2.5.3. 1  Procedure 

1 .  Obtain  any  work 4 ng  so. or  television  receiver. 

2.  Record  the  make,  mooe 1  number  and  year  of  the 
television  set  and  send  tnis  data  to  Sam’s 

Photo  Fact  Company  to  obtain  an  electrical  schematic 
diagram  of  the  unit.  See  App-e.g  s  x  H  for  address. 

3.  One e  tne  electncu  1  sc nemaf  h.  na  ,  been  obtained,  a 
qualified  techni  ".an  car  rind  the  output  of  the 
Chroma  Demodulator  circuit.  Tnis  circuit  locks  on 

to  the  received  color  reference  subcai rier  signal  and 
feeds  it  to  the  output  nr  to.-  ircuit.  A  number  IB 
AWG  lead  srouid  be  so .  der.-c  to  t.sis  point  and  brought 
to  the  Outside  of  tne  teI--vision  .ef.  Tnis  lead  is 
then  connected  wtfn  tne  ap.,rc/,.r  ia’  e  ground  to  the 
frequency  counter  to  be  oa  i  l bra  ted. 


m 


a 
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would  be  a  very  good  t  ■..  >■>  .  .1  i  ,  on  Detween  the  pieces  of 

equi  Risen  t . 

However  if  one  needs  the  full  accuracy  of  the  atomic 
reference,  up  to  plus  or  minus  3  x  !()'*  parts  there  will 
be  disagreement  even  in  the  atomic  clocks.  But  a  more 
common  case  is  that  most  people  (companies)  cannot  afford 
an  atomic  reference  and  usually  have  at  best  a  stabilized 
crystal  in  their  lacs  union  will  disagree  at  normal  accur¬ 
acy  levels  at  one  part  in  U.  which  would  cause  disagree¬ 
ment  n  most  norma  1  test  equipment.  This  problem  of  non¬ 
correlation  between  test  equipment  and  various  lab  cal¬ 
ibration  references  seems  very  discouraging  and  even  un¬ 
sol  vabl e . 

However  the  federa,  government  ana  industry  saw  the  need 
for  a  solution  to  this  problem,  possibly  a  place  which  would 
contain  a  master  reference  (clock)  from  which  all  references 
could  be  calibrated  ann  likewise  all  counters  and  timers 
would  be  calibrated  from  these  secondary  references.  Both 
these  secondary  references  and  the  equipment  calibrated  from 
them  could  be  termed  traceable  to  this  master  reference  clock 
and  therefore  would  al1  correlate  witnin  their  inherent 
accuracies  and  all  measurements  made  with  traceable  gear 
would  also  correlate. 

As  mentioned  before  tne  federal  government  saw  this  need 
with  industry  and  started  what  is  now  known  as  the  National 
Bureau  of  Standards,  NBS  for  short.  All  equipment  in  the 
country  which  will  mare  measurements  needed  by  other  com¬ 
panies  for  critical  specifications  should  be  officially 
termed  "NBS  traceable"  1  no  bear  this  label  and  be  checked 
periodical  ly.  It.  now  should  be  apparent  that  all  support 
equipment  (in  our  case  time)  should  be  traceable  so  the 
field  service  people  in  Ohio  will  measure  the  same  flow 
rate  at  a  certain  r:>m  a-.,  fhe  R  &  f)  technicians  did  at  the 
factory  in  Wisconsin. 

2.S.3  Calibration  of  Working  Instrument 

Now  that  the  reasons  mr  m i it  rat  ion  traceabi 1 i ty  are  under¬ 
stood  along  with  what  i-.  r-'i.vj  calibrated  one  may  ask  how 
traceable  calibration  is  ubtained? 

One  way  as  mentioned  before  is  to  have  an  atomic  standard 
in  the  lab  and  adjust  the  counter  to  read  the  standards 
traceable  output  frequency.  However  most  counters  are  accurate 
to  on  i y  plus  or  minus  one  ■  or  nod  one  must,  bear  this  in 
mind  when  adjusting  the  intern  1  i  lock.  The  frequency  of 
most  referent  e'  of  ?ht  >  .vo,. :  ,5  overcanqe  most  counters 

and  therefore  one  >  ..re-  caler  to  divide  the  fre¬ 

quent  y  down  to  a  ii--,efu,  -mgr.  i  ■  uf  Accuracies  of  up  to 
one  part  in  1  ^ t  an  !'■•  opt  a  i  ned  on  location  in  this  manner. 


Most,  of  today's  electron,.  cOj.'.l.-.-r  •.  in  timers  use  a  Mate 
base  which  employs  an  e  .  ta  tro-necnan  ,  oT  crystal  which  by 
its  physical  qeonet  ry  oscillates  -it  a  .tabie,  fixed  h i  qh 
frequency  whic.  is  accurate  enough  tor  me  resolution  re¬ 
quired  by  the  device.  Trie  fee  luonr  y  is  counted  down  bv 
electronic  means  and  tnis  ,  i : -.is  a  very  accurate  interval 
clock  for  mea »urer ents .  i  or  cow  let'  say  the  crystal  os¬ 
cillator  has  Detai  f.u'or,  .  a  I  1  or.;  ted  *ur  proper  frequency, 
this  will  be  t*  a  :  1 1  a  i  r .  e  i  Tie  <.  r,  cal  revere'-"  ir  used  in 

most  lab  eou  I  *  ten  t  are  .  ow  cc  '  .1  >'  o  ;  a  1 1  w  I  y  stable 
if  kept  at  cons  tar  t  te:-'pi.-r\i  tu  re,  jSu,i  i  1  1  in  .in  oven  contain¬ 
ed  in  the  equipment.  .wever,  tr.e  f 'vqurr.c y  'it  tr.e  crystal 
will  eventually  drift  out  ot  ■  a  !  ibra'  ion  a  ml  ttie 
measurements  performed  w  i  tn  * ins t rjne>  r  .if  *  or  fis  occurred 
will  be  inaccurate. 

However'  one  may  act.  is  t.nere  some  sort  ot  uc.  ll’ator  which 
doesn't  drift  siqnif  icam  ;  y  .md  is  niqniy  au  urate?  Inere 
is  a  type  of  oscillator  reference  wruch  is  extremely  accurate 
but  highly  expensive.  Tnis  device  is  the  cesium  clock  or 
cesium  oscillator  wnic.n  depends  on  a  phys’cal  parameter  of 
the  cesium  atom  for  its  frequency  of  oscillation.  Without 
getting  into  much  detail,  the  alkaili  metal  cesium  has  two 
electronic  spin  states,  wnich  differ  in  energy  by  a  quantized 
amount.  In  audition  to  the  spin  state  of  the  electron  in  the 
outside  shell  of  atom  which  precesses  on  its  axis  of  travel 
on  an  eccentric  path  the  frequency  of  precession  is  an  ex¬ 
tremely  important  and  accurate  physical  constant  of  9.192  x 
lG^  hertz.  The  difference  between  the  spin  state  can  be  ob¬ 
tained  (electron  placed  in  a  higher  energy  spin  state)  by 
exciting  the  vaporized  cesium  with  the  same  frequency  r.f. 
energy  as  its  resonance  (9.12  x  10^  hz).  This  higher  energy 
state  can  be  sensed  oy  a  great  increase  in  electric  conduc¬ 
tion  of  the  vapor  placed  in  an  electric  field.  By  using 
feedback  one  car.  devise  3  circuit  which  adjusts  its  own 
oscillator  to  matcn  the  resonant  line  of  the  cesium.  This 
frequency  is  accurate  to  within  one  part  in  10"  and  can  be 
stabilized  to  within  tnree  parts  Tn  10^.  This  frequency 
can  tie  beat  down  to  a  useable  reference  for  calibrating  crys¬ 
tal  based  uqu 1 pment  to  maximum  attainable  accuracy  of  the 
equipment..  These  cesium  devices  are  now  made  small  enough 
to  fit.  in  a  standard  19  inch  relay  rack  but  are  extremely 
expensive  initially  and  hard  to  maintain.  It  will  be  shown 
later  that  a  cesium  grade  reference  siqnal  can  be  obtained 
without  owning  your  own  reference  clock  at  low  cost.  As  a 
final  word  there  are  also  references  based  on  other  elements 
such  as  rubidium. 

Fraceabi I i t y 

Ihe  atonic  reference  is  Very  accurate  but  even  it  has  limits 
in  its  inherent  accuracy.  If  everyone  had  an  atomic  refer¬ 
ence  and  used  to  calibrate  this  normal  grade  equipment  there 


F rvquency  anti  f  ime  Ca  i  i  ora  1 i  nr. 

2 .  b .  1  Introduction 

Whenever  a  quantity  is  gieasurec,  in  the  laboratory  or  field 
which  involves  time  in  some  respect  as  a  fundamental  unit, 
one  relys  on  the  fact  tnat  an  interval  of  time  through  which 
the  measure  is  made  is  absolute  plus  or  minus  some  uncertain¬ 
ty.  However,  of  whet  value  u  j  time  measurement  made  with  an 
uncalibrated  Mist  rumen:  7  Tree  data  taken  under  this  stipulation 
is  v i rtua 1 1 y  worth i 


r  i  *■>  t  r  u  r :  t 1 1 


rur  two  nasic  reasons 


1.  The  data  can  never  be  repeated  reliably  in  other  locations 
with  o tner  piece*  u*  test  gear  because  there  will  be  no 
correlation  between  them. 

i.  The  component  data  which  is  main  criterion  for  selecting 
parts  in  a  design  will  tie  useless  and  could  have  inaccur¬ 
acies  misleading  the  designer  into  selecting  the  wrong 
components  which  may  lead  to  catastrophic  failures. 

The  only  way  to  avoid  tnis  problem  is  to  have  equipment  which 
is  in  calibration  with  respect  to  two  criterions. 

1.  To  have  equipment  in  absolute  calibration  according  to 
the  physical  definition  of  the  quantity  measured. 

2.  To  be  in  calibration  identical  to  the  calibration  of 
other  pieces  of  equipment  which  also  measure  the  same 
physical  quantity. 

In  other  words  the  go :  1  m.  to  Detain  a  piece  of  test  gear 
which  accurately  measure's  absolute  time  intervals  and  has 
good  data  correlation  with  other  instruments  that  also 
measure  time.  This  correlation  is  extremely  important  and 
has  its  roots  in  a  term  referred  to  as  traceability  and  will 
be  treated  more  thoroughly  later  after  some  needed  ground 
work  is  laid. 

Considering  fluid  power  measurement  as  a  special  case  one 
finds  a  high  reliance  on  time  us  a  base  unit.  In  other  words 
many  fundamental  quantities  m  fluid  power  use  time  such  as 
flow  rates,  rpm,  ve  loci  tie-. ,  etc. 

In  actuality  the  measurerne?*!  of  time  and  frequency  are  very 
similar  in  nature.  In  measure  the  time  interval  one  starts 
a  timing  device  witn  the  >  ,  ’lining  of  an  event  and  stops  the 
device  at  rhe  end  of  t  oe  rv-'-r  ,  this  (jives  elapsed  time.  How¬ 
ever  with  frequency  me.i'.uremrrif  one  counts  a  number  of  occur¬ 
rence  ,  in  .i  set  time  infer  va.  to  yield  events  per  second  or 
cycles  per  en.und  defending  on  which  is  more  meaningful.  How¬ 
ever  botu  of  frtese  time  rented  tests  require  a  time  reference 
of  .ui  Mib  '  •  .11  (  urn  /  and  ,  r  u>  1  i  i  f  v  for  the  resolution  and 
on  unity  demanded  !>  /  fn  neii  at  ion. 


2.4.4  Results 


The  data  obtained  f roir  to  .  .. ;  i oration  procedure  was  used  to 
derive  a  Third  Order  Ma  themo  t  i  >.  a  1  Model  of  the  working  instru¬ 
ment  as  described  in  appendix  G,  annex  C,  section  7.  The  model 
was  then  entered  into  a  computer  f’le  and  corrections  were 
applied  to  the  test  data  prior  to  further  processing  in  the 
computer. 

2.4.5  Conclusion 

The  calibration  results  of  in.-  working  instrument  are  shown 
in  appendix  A  for  eucn  transducer  calibrated. 

2.4.5. 1  Uncertainty  of  Laboratory  Reference  is  10  psi  when 
using  the  large  diameter  piston  ana  .25  psi  when  using 
the  small  diameter  piston. 

2.4. 5.2  Uncertainty  of  Working  Instruments 


Transducer  No.  Uncertainty 


327876 

15.5 

os  i 

327976 

13.2 

psi 

328076 

14.3 

nsi 

328176 

13.1 

psi 

12752  +  port 

pr essuri/ed 

12752  -  port 

.  ;.;68 

os  i 

pressuri cod 

/  s 1 

osi 

Cal i bra  ted  Wi th 
Large  Diameter 
Piston 


Calibrated  With 
Small  Diameter 
Piston 


,  w .  i  r  i  ■ »  I  >  ■  v>  ■  I  m  I  .lie  yelume  on  I  l  bra  i  or  rn1,'1;  mi!  1  1  '  n 

;  i  rt  in  t  I  riqqered.  Flu*  needle  v.i  I  vr  w,i \  gunk  %,  nut 
nt  f  .nut  the  w<i ter  li'Vi’l  in  Lin*  uia.l  i<  t  i j I > i ■  was  na i  1  • 
•■'!  Ihi-  liquid  ii'Vi'i  in  t,he  i » I  <i  ■»  L 1  <  lul)'1  was  f«i  i 
.mi!  lowered  n  i  n<*  mo  r  i  ■  times,  (Mch  tilin'  marking  (tie 
i  eve  i  at.  which  the  circuit  tr  iqqereti  , 

Aunt  tier  arbitrary  datum  was  solec  ted  mi  the  piurtn 
lnlu.>  and  t  tie  distance  from  this  datum  ho  each  of  the 
t  n  recorded  levels  was  measured  arid  an  average  was 
•iU  uia  ted.  [ins  was  designated  as  the  hes  <  m  i.  nnate 
of  the  lower  displacement  volume  level.  (Standard 
deviation  of  t.tie  lower  level  trigger  ooints  was  l.l. 
si  in  out  of  13.33  cti  in  ).  Tin  formula  user]  to  de 
!"riinne  ftie  d  i  so  I  acemen  L  volume  was: 


lai.j  in^l  -  (EMibb  cm-M  i^.(/f)l(,/  in^) 


Where:  ;.y  -  the  distance  between  t.he  best  estimate  of 

upper  and  lower  displacement  volume  levels 
as  marked  on  the  plastic,  tube. 

L)  =  the  inside  diameter  of  the  plastic  tube. 


mm 


■■  ra 


Figure  A.b.g 

FLOW  RATE  CAL i BRAT  ION  BARREL  SETUP 

Volume  calibrator  with  the  plastic 
tube  attached  to  the  side.  On  top 
is  the  electronics  which  sensed  the 
passage  of  the  slots  and  provided 
the  start  and  stop  signal  for  fre¬ 
quency  counters  The  vacuum  pump 
(on  stool)  was  used  to  draw  water 
up  the  piastic  iube. 


2.6.4  Calibration  of  Working  Instrument 

2.6.4. 1  Description  of  working  instrument  -  Two  working 
instruments  were  calibrated.  A  10  in3/rev  and  a 
2.3  in^/rev,  positive  displacement,  balanced  vane 
type,  commercial  grade  hydraulic  motors  were  used 
as  flowmeters.  The  10  in^/rev  flowmeter  has  an 

80  tooth  gear  on  the  output  shaft.  A  magnetic  sen¬ 
sor  with  the  appropriate  electronic  conditioning 
equipment  was  mounted  near  the  gear  teeth  to  moni¬ 
tor  the  passage  of  each  tooth.  The  frequency  coun¬ 
ter  records  the  passage  of  one  tooth  as  one  pulse. 

The  2.3  in^/rev  flowmeter  is  identical  to  the  10 
in^/rev  with  the  exception  of  the  number  of  teeth 
on  the  output  shaft.  The  2.3  in^/rev  flowmeter  has 
a  120  tooth  gear  on  its  output  shaft. 

2. 6. 4. 2  Procedure  for  Working  Instrument  Calibration 

The  10  in^/rev  flowmeter  and  the  volume  calibrator 
were  plumbed  in  series  to  the  outlet  of  FPI's  150 
HP  Hydraulic  Supply.  An  essentially  constant  flow- 
rate  was  established  through  the  flowmeter  and  into 
the  volume  calibrator.  At  the  instant  the  liquid 
boundary  reached  its  lower  displacement  volume  level, 
the  upper  slot  on  the  flag  passed  the  stationary 
light  source  and  provides  a  simultaneous  start  sig¬ 
nal  to  2  frequency  counters.  One  frequency  counter 
was  set  up  for  the  totalize  elapsed  time  function 
and  the  other  was  set  up  for  total  counts  -  i.e.  the 
total  number  of  gear  teeth  from  the  output  shaft  of 
the  flowmeter  passing  the  magnetic  sensor  was  summed 
over  the  duration  of  each  run.  When  the  liquid  boun¬ 
dary  reached  the  upper  displacement  volume  level,  the 
lower  slot  on  the  flag  passed  the  light  source  and 
provided  a  simultaneous  stop  signal  to  both  counters. 
Six  trials  at  eight  incremental  flowrates  were  per¬ 
formed  for  a  total  of  48  data  points.  The  incremen¬ 
tal  value  for  flowrate  was  5  GPM,  and  ranged  from 
5  to  40  GPM. 

3 

This  same  procedure  was  repeated  for  the  2.3  in  /rev 
flowmeter  with  the  exception  of  the  number  of  trials. 
Five  trials  at  eight  incremental  flowrates  were  per¬ 
formed  for  a  total  of  40  data  points.  The  incremen¬ 
tal  value  and  range  of  the  flowrate  was  identical  to 
the  10  in^/rev  flowmeters.  Six  trial  runs  were  per¬ 
formed  on  the  10  in^/rev  flowmeter  and  five  trial  runs 
were  performed  on  the  2.3  in3/rev  flowmeter. 


6.5  Results  -  Per  Appendix  G,  Annex  C 

2. 6.  5.1  Math  Model  of  laboratory  Reference  -  A  third  order 
math  model  with  only  one  calibration  trial  was  used 
to  determine  the  value  of  calibration  error  on  the 
flow  rate  cal ibrator. 

2. 6. 5. 2  Math  Model  of  Working  Instrument  -  A  third  order  math 
model  (point  to  . c  i . ; t  correction)  was  used  to  deter¬ 
mine  the  value  of  calibration  error  on  the  10  in-Vrev 
and  2.3  in^/rev  flowmeters.  Six  trial  runs  were  per¬ 
formed  on  the  10  in3/rev  flowmeter  and  five  trial  runs 
were  performed  on  the  2.3  in^/rev.  flowmeter. 

2. 6. 5. 3  Flowmeter  Data  Reduction  -  Because  of  the  inability  to 
return  to  an  exact  flowrate  on  subsequent  trial  runs 
at  each  target  flowrate  the  following  method  of  data 
reduction  was  adopted: 

1.  Measure  time  (sec.).  Volume  (constant  gallons). 

Total  Counts  (pulses). 

2.  Calculate  frequency  for  each  of  five  trial  runs 
at  each  target  flowrate  total  counts  =  f  . 

t  i  me 

3.  Calculate  flowrate  for  each  of  five  trial  runs 
at  each  target  flowrate  Vo) ume  =  Q  . 

t  i  me 

4.  Calculate  ratio  for  each  of  five  trial  runs  at 
each  target  flowrate  frequency  =  fQ. 

flowrate  w- ' 

Do 

5.  Designate  the  calculated  flowrate  from  the  first 
of  five  trial  runs  at  each  target  flowrate  as  the 
Reference  flowrate 

6.  Multiply  the  ratio  of  f0  by  the  reference  flowrate 

l^Ref .  Q“ 

o 

to  obtain  a  theoretical  frequency  fg  at  each  of  five 
runs  for  each  target  flowrate. 

7.  Calculate  the  average  theoretical  frequency  from  the 
five  obtained  in  step  “6  at  each  target  flowrate  fg 

H.  Subtract  the  average  theoretical  frequency  from  each 
of  the  five  theoretical  frequencies  obtained  in 
step  #6  it.  earn  tarqet  flowrate. 


9.  Twu.e  f  ru-  standard  deviation  of  ail  the 

deviation^  *rom  the  averages  was  designated 
as  the  calibration  error. 

This  procedure  enables  the  theoretical  frequen¬ 
cies  to  be  blotted  versus  one  value  of  flowrate. 

See  Figure  2. 6.7.  Trie  non- 1  i  neari  ty  is  exagger¬ 
ated  for  expiamtory  purposes. 

2.6.6  Conclusions 

2.6.6. 1  Uncertainty  '  1  u bo ra to rv  Reference. 

1.  Uncerta  i  nf  /  iron;  NbS  2.079  cu.in. 

2.  Uncertainty  from  Wisconsin  Dept. 

of  Agriculture  2.16  cu.in. 

3.  Uncertainty  from  FPI  Technician  (est. )  4.5  cu.in. 

4.  Uncertainty  of  Seraphin  bucket  readability  4.05  cu.in. 

5.  Uncertainty  from  switch  repeatabi I i ty 

(Composite  of  upper  and  lower)  3.905  cu.in. 

6.  Uncertainty  due  to  thermal  expansion  1.8  cu.in. 

7.  Uncertainty  due  to  c! ingage  8 . 0  _ c u . in. 

26.49  cu.in. 

Total  Uncertainty  -  26.49  x  100  =  0 .236 

9333.22 

2. 6. 6. 2  Uncertainty  of  Working  Instrument. 

A.  10  cu.  in,  PD  Flowmeter 

Error  r  *  (.047  gpm  +  0.286.  of  Q) 

B.  2.3  ci-.  in.  PD  Flowmeter 

Error  :  ■*  (.0165  gpm  +  0.286  of  Q) 

All  flowmeter  calibration  data  is  contained  in 
appendix  C.  Repeatabi i i ty  was  found  to  be  +  .047 
and  +  .0165  gallons  per  minute  for  the  10  in^  and  2.3 
in^,  respecti vely.  The  total  uncertainty  in  the  vol¬ 
ume  calibrator  (26.49  in^  out  of  9333  in^)  passes 
through  to  the  flowmeter  as  a  ’  of  reading  error. 

Results  of  the  repeatabi 1 i ty  tests  indicate  that  any 
future  efforts  to  reduce  the  systematic  error  in  the 
volume  calibrator  would  be  justified. 


Load  Cell  and  Torque  Shaft  Calibration: 

2.7.  I  Introduction 

Torque  calibration  of  the  working  instrument  was  performed  by 
using  air  cylinders  to  apply  a  force  at  a  known  distance  from 
the  central  axis  of  the  working  instrument. 

The  working  instrument  was  vertically  mounted,  with  the  force 
being  applied  horizontally  in  a  direct  couple.  There  were  two 
main  reasons  for  using  this  metnod.  The  first  was  to  reduce 
the  possibility  of  error  due  to  side  loads.  The  second  was  to 
eliminate  the  need  for  the  technician  to  load  and  remove  weights. 
At  low  torque  values,  such  as  2000  inch-pounds,  these  benefits 
were  minimal,  however,  with  larger  torques,  such  as  50^.000 
inch-pounds,  the  amount  of  weight  and  resulting  side  loads  could 
be  substantial . 

When  this  method  was  originally  conceived,  the  plan  was  to  cal¬ 
ibrate  a  pair  of  rolling  diaphram  air  cylinders.  Unfortunately , 
the  output  force  varied  as  a  function  of  position  as  well  as  air 
pressure.  Although  this  tendency  was  relatively  slight,  the 
accuracy  and  repeatabi 1 i ty  required  of  the  force  in  this  cali¬ 
bration  procedure  could  not  be  attained.  The  decision  was  then 
made  to  purchase  load  cells,  which  were  mounted  on  the  end  of 
the  cylinder  rods.  A  diagram  of  torque  calibration  rig  is  shown 
i n  Figure  2.7.2. 

2. 7. 1 . 1  Defini tions 

1.  Couple:  Two  forces  having  the  same  magnitude, 

parallel  lines  of  action,  and  opposing 
di recti  on. 

2.  Moment:  The  product,  of  the  magnitude  of  a  force, 

and  of  the  perpendicular  distance  from 
axis  to  the  line  of  action  of  the  force. 

3.  Torque:  A  moment  in  the  form  of  a  couple  causing 

torsional  loading. 

2.7.2  I raceabi 1 l ty 

force  -  Force  is  fraceabie  to  NdS  through  the  weights  of  the 
Ashcroft  dead  weight  tester,  as  described  in  section  2.4.2. 

Hi  stance  -  Distance  is  traceable  to  MBS  through  the  Wisconsin 
Department  of  Agriculture  Weiqnts  and  Measures  Laboratory. 
Wisconsin  Test  Number  8GB,  bated  September  7,  1978. 


2.7.3  Description  of  the  Torque  Calibration  Rig 

The  laboratory  standard,  (torque  calibration  rig)  as  shown  in 
figure  2.7.2  consisted  of  a  machined  surface  on  which  the  tor¬ 
que  shaft  transducer  was  vertically  mounted.  Also  attached  to 
the  surface  were  two  (2)  support  brackets,  which  held  the  air 
cylinder  and  load  cell  assemblies.  The  torque  arm,  as  shown 
in  figure  2.7.3,  is  a  "T"  shaped  beam  with  male  knife  edge 
beamings  at  the  opposing  ends.  Permanently  attached  at  each 
end  of  the  torque  arm  is  an  alignment  fixture,  consisting  of 
a  section  of  5/16"  keystock  mounted  parallel  to  a  line  inter¬ 
secting  the  tips  of  the  male  knife  edges.  The  force  was  applied 
perpendicularly  to  the  torque  arm  using  the  alignment  fixtures 
as  a  reference.  The  force  was  measured  by  the  load  cells  mount¬ 
ed  between  the  air  cylinders  and  the  female  knife  edges. 

2.7.3. 1  Procedure  for  Calibration  of  the  Load  Cells 

Each  load  cell  was  electrically  connected  to  one  chan¬ 
nel  of  a  two  channel  Daytronic  Model  300D  transducer 
power  supply/amplifier.  A  Fluke  vacuum  tube  voltmeter 
was  used  as  the  readout  device.  Prior  to  calibration 
the  zero  was  set  and  the  gain  was  adjusted  using  the 
calibration  resistor  and  output  valve  supplied  by  the 
manufacturer. 

The  load  cells  were  calibrated  using  weights  from  the 
Ashcroft  Dead  Weight  Tester  as  described  in  section 
2.4.  Each  weight  was  certified  at  2835.0  +  1.4  grams, 
or  6.251  +  .003  pounds. 

12  weights  were  used  to  achieve  the  maximum  value.  The 
procedure  consisted  of  mounting  the  weight  pan,  record¬ 
ing  the  output  voltage,  then  adding  a  weight  and  tapping 
on  the  weight  to  reduce  hysteresis. 

This  method  was  used  for  increasing  and  decreasing  in¬ 
crements.  The  procedure  was  repeated  for  a  total  of 
5  trials. 

2. 7.3.2  Estimated  Uncertainty  of  the  Load  Cell  Output 

There  are  three  contributors  to  the  total  uncertainty 
i n  load  cel  1  output: 

1.  Readability  error  of  the  readout  device. 

2.  Reference  standard  error. 

3.  Cal ibration  error. 

The  readout  device  was  a  John  Fluke  differential  volt¬ 
meter  with  a  readability  error  of  0.5  millivolt  out  of 
a  full  scale  value  of  about  7500  millivolts.  This  pro¬ 
duces  a  readability  error  of  0.005  lb. 
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Figure  2.1. 4 

LOAD  CELL  INSTRUMENTATION 

Lebow  ioad  ceil,  calibration 
fixture,  weight,  pan ,  Daytronic 
amplifier  and  nuke  VTVM  used 
as  the  readout  device. 


The  reference  standard  error,  that  is,  the  error  of 
the  calibration  dead  weights  is  given  by  Manning, 

Maxwell  and  Moore  as  being  0.05%,  which  resolves 
into  0.0375  lb. 

Analysis  of  calibration  data  for  all  five  increasing 
and  decreasing  trials  shows  that  the  2 cf  deviation 
about  the  third-order  model  is  about  0.08  lb. 

The  total  uncertainty  in  one  of  the  load  cells  is 
the  sum  of  the  three  terms: 

Total  Error  in  lb  =  0.005  +  0.0375  +  0.08  =  0.122  lb. 

In  percent,  0.J 2_2  _x_K)0  =  0.162% 

75.375  ' 

Both  load  cells  yielded  almost  identical  results,  so 
much  so  that  any  differences  were  insignificant. 

2.7.4  Description  of  the  Working  Instrument 

The  working  instrument  was  a  Himmelstein  non-contacting  rotary 
transformer  torque  transducer  with  a  2000  inch-pound  shaft  in¬ 
stalled.  Torque  sensing  is  accomplished  with  a  four-active-arm 
strain  gage  bridge. 

§i)  •  2. 7.4.1  Procedure  for  Working  Instrument  Calibration 

The  torque  transducer  was  mounted  on  the  torque  calibra¬ 
tion  rig  and  electrically  connected  to  a  Daytronics  Model 
3278  digital  amplifier/power  supply. 

Prior  to  calibration  the  transducer  zero  was  set  and  the 


gain  was  adjusted  to  obtain  an  adequate  span.  t 

To  establish  perpendicular  lines  of  force,  a  drafting  j 
triangle  was  attached  to  the  torque  arm  and  flush  mount-  \ 
ed  with  the  alignment  fixture.  The  support  bracket  air  ’ 
cylinder  assembly  was  positioned  so  the  air  cylinder  rod  ^ 
was  parallel  to  the  90°  edge  of  the  drafting  triangle.  5 


.1 

The  calibration  procedure  consisted  of  increasing  the  j 

force  applied  by  the  air  cylinders,  while  tapping  on  -J 

the  torque  calibration  rig,  until  the  first  of  ten  even¬ 
ly  incremented  target  values  was  achieved  on  the  output  -j 

of  the  torque  transducer.  The  purpose  of  tapping  on  the  * 

torque  calibration  rig  was  to  overcome  the  break-away  j 

friction  of  the  air  cylinders  and  the  torsional  friction  1 

in  the  knife-edge  bearings.  The  target  values  were  read  ’ 

from  the  output  of  the  torque  transducer  amplifier,  be-  J 

cause  there  were  two  inputs  neither  of  which  were  re-  * 

peatable,  and  only  one  output  which  was  very  repeatable.  8 
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Ice  was  added  to  the  water  to  get  the  water  bath  temperature 
below  the  first  desired  reading.  The  water  bath  was  heated  by 
a  hot  plate.  Readings  were  taken  every  10°F  as  indicated  on 
the  glass  thermometer  from  40°F  to  210°F  by  the  DAS  printer. 
This  procedure  was  repeated  four  more  times  to  get  five  cal¬ 
ibration  trials  of  increasing  values  only. 

The  calibration  procedure  used  follows  the  procedure  described 
in  appendix  G,  annex  B. 

The  values  of  the  reference  thermometer  were  corrected  using 
calibration  data  from  the  State  of  Wisconsin  Bureau  of  Weights 
and  Measures.  This  was  done  to  obtain  the  true  standard  value 
for  these  temperatures. 

2.8.4  Results 

The  data  obtained  from  the  calibration  procedure  was  used  to 
derive  a  third  Order  Mathematical  Model  of  the  working  instru¬ 
ments  as  described  in  appendix  G,  annex  C,  section  7.0.  The 
model  was  then  entered  into  the  computer  to  interpret  the  tem¬ 
perature  readings  from  the  test  and  corrected  the  data. 

2.8.5  Conclusion 

Several  thermocouples  were  calibrated  and  the  results  for  each 
are  contained  in  appendix  F. 

2.8.6. 1  Uncertainty  of  Laboratory  Reference  is  2.05°F. 

2.8. 6. 2  Uncertainty  of  Working  Instruments: 

Thermocouple  40  3.88°F 


Thermocouol e  41 


4 . 00° F 


THERMOCOUPLE  CALIBRATION 


The  mercury  thermometer,  thermocouples  and  stirring  motor 
.vert-  mounted  on  a  ring  stand  and  placed  in  a  container  of  water 
located  on  top  of  a  hot  plate.  The  data  acquisition  system 
•nr  u'r'O  to  record  the  thermocouple  output  directly  in  degrees 


Dissimilar  metal  thermocouples  work  on  the  principle  of 
Electromotive  Force  (EMF)  which  is  developed  between  the 
measuring  junction  and  the  reference  junction  whenever 
there  is  a  temperature  difference  between  the  two.  When 
the  reference  junction  is  kept  constant  at  a  known  tem¬ 
perature  the  difference  between  the  measuring  junction 
and  the  reference  junction  is  your  unknown  temperature 
which  is  measured  and  recorded  by  the  Data  Acquisition 
System. 

2.8.2  Traceability 

Our  laboratory  reference  standard  thermometer  #673650  was 
calibrated  by  the  Wisconsin  Department  of  Agriculture, 
Bureau  of  Weights  and  Measures  using  their  mercury-in¬ 
glass  thermometer  of  1/2°F  accuracy.  The  Department  of 
Agriculture  thermometer  is  traceable  to  the  University 
of  Wisconsin  using  a  platinum  wire  resistor  which  is 
certified  by  N.B.S. 


Temperature  Calibration 
2.8.1  Introduction 

There  are  several  methods  for  temperature  measurements,  such 
as  mercury- i n-y 1  ass  thermometers,  dissimilar  metal  as  in  a 
thermocouple  and  the  more  expensive  kind  such  as  a  vapor  pres¬ 
sure  thermometer.  We  use  thermocouples  to  the  greatest  extent 
in  our  lab  and  have  mercury- i n-gl ass  thermometers  traceable  to 
N.B.S.  as  reference  standards  for  the  calibration  of  these 
thermocouples. 

Definitions  and  Principles 

Temperature  is  defined  as  the  degree  or  intensity  of  heat 
possessed  by  a  substance  shown  by  a  thermometer.  The  ther¬ 
mometer  most  people  think  of  is  the  mercury- i n-glass  thermo¬ 
meter  which  consists  of  a  long  thin  wall  glass  tube  sealed 
at  both  ends.  At  the  end  of  this  sealed  tube  is  a  well  where 
the  mercury  is  stored,  the  space  the  mercury  has  not  yet  oc¬ 
cupied  is  filled  with  a  dry  inert  gas  which  keeps  the  mercury 
from  separating.  A  scale  is  then  provided  to  indicate  the 
height  the  mercury  rises  which  is  proportional  to  the  temper¬ 
ature  the  bulb  is  measuring.  One  of  the  greatest  drawbacks 
of  these  instruments  is  that  they  are  very  fragile. 

At  the  institute  we  use  the  thermocouples  which  are  more  rugged 
and  can  withstand  pressures  greater  than  the  glass  thermometers 

The  thermocouple  consists  of  an  iron  wire  for  one  conductor 
and  a  constantan  wire  for  the  other  conductor.  The  two  wires 
are  joined  together  in  a  capillary  tube  which  is  called  the 
measuring  junction.  The  wires  between  the  measuring  junction 
and  the  instrumentation  are  called  the  leads.  They  consist  of 
one  iron  wire  and  one  uonstantan  wire.  Care  should  be  taken 
to  connect  the  iron  wire  lead  to  the  iron  wire  from  the  measur¬ 
ing  junction.  If  not,  r,. adinys  will  go  down  instead  of  up  when 
heating  the  measuring  junction.  The  leads  are  then  connected 
to  the  back  of  the  Data  Acquisition  System  (DAS)  which  has  a 
built-in  n ■  ‘  ,<  •  i  . 
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For  angles  approaching  90°,  the  Cot  (0)  approaches 
therefore : 

4_T  =  4 r  +  4_f  +  2(A0)2 

T  r  f 

When  6  is  in  radians  and40  is  the  departure  from  90°. 

From  the  Wisconsin  Department  of  Agriculture  we  know 
that  the  total  uncertainty  in  the  torque  arm  length 
is  about  +  0.005  inches  out  of  15  inches,  thus 

4_r  +  -001  x  100  =  .033  of  FS 

r  15.00 

From  results  of  calibrating  the  load  cells, 

Af  =  - 1 22  lb  =  .1 62%  of  FS 
f ~  75.375  lb 

It  is  estimated  that  the  total  angular  misalignment  of 
each  cylinder  does  not  exceed  1°,  so. 


then , 


.01745  radians 


2  {be)2  =  2  x  ( . 01 745 ) 2  =  0.0006  =  .06%. 


Now,  total  error  in  torgue, 

AT  =  0.0337  +0.162  +  .06%  =  0.255%  of  full  scale 

T 

which  is  5.1  in  lbs. 

2. 7.6. 2  Uncertainty  of  Working  Insttument 


8.75  in  lbs. 


3. 


H 
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The  initial  angular  misalignment  between  the 
center  line  of  the  loading  cylinder  and  the 
torque  arm  radius  (not  to  be  confused  with  the 
change  in  angle  caused  by  deflection  under  load, 
a  phenomenon  which  was  corrected  mathematical ly) . 


To  evaluate  the  compsite  uncertainty,  it  is  necessary 
to  derive  the  equations  which  dictate  the  means  in 
which  the  individual  error  contributors  combine.  We 
start  with  the  definition  of  torque,  which  is  the 
vector  cross-product  of  torque  arm  length  and  applied 
force.  In  our  case,  there  are  two  forces  and  two  arm 
lengths : 


T  =  r^  f^  Sin61  +  r^  f,,  Sin©,, 

To  obtain  the  total  uncertainty  in  torque,  ^T,  from 
the  individual  contributors,  we  find  the  six  partial 
deri vati ves .  That  is 

A  T  -  ^_T  Ar,  +  A_T  i  f  +  c)  T  A  e  +  T  A  r?  +  <=)  T?  A  f9 

drl  d0l 

+  4 J  A  0o 

a  ®2 


Substitution  yields 


A  T  -  f  1  Si n 6 ^  6r^  +  r  ^  Si n0^ 

if,  * 

r1  f1  Cos01 

A  G 

♦  f 2  Si  nB ^  Ar^  +  r^  Sin0^ 

4f2  * 

r^f^  CosB^ 

6e2 

To  obtain  the  fractional  error,  we  divide  both  sides 
by  the  total  torque,  but  making  use  of  the  fact  that 
the  system  is  nearly  symmetrical,  that  is 


T  =  r^f^  SinG  +  r^f^  Si  nS^  ~  2r  ^  f  ^  SinG^^Zr^fp  Sin©,, 
Now,  by  dividing : 

AT  =  ^  rl  +  6f2  +  Cosei  60,  +  hr2  +  hf2  +  C_0S®2  60 

2  ?f„'  S Tn0,  2r,  2f0  Sin  „ 

r  ■)  c  1  2  2  2 

Also,  because  r^^r.,,  f^^rf^  and 
6  I  6  r  *  6*  *  •’  ■' Cot  h  )  (6  0) 


r 


Final  processing  of  the  data  indicated  that  this 
method  was  of  satisfactory  accuracy. 

When  the  target  value  was  achieved,  the  output  of 
the  torque  transducer  was  recorded,  along  with  the 
outputs  of  both  load  cells,  and  the  deflection  of 
the  torque  transducer.  The  deflection  was  caused 
by  the  twisting  of  the  torque  shaft  as  the  load  was 
applied. 

Deflection  was  measured  with  a  magnifying  glass  and 
machinist  scale  with  1/64"  divisions.  This  method 
was  repeated  for  all  the  increasing  and  decreasing 
increments.  The  procedure  was  repeated  for  a  total 
of  5  trials. 


2.7.5  Results 

2. 7.5.1  Processing  of  Raw  Data 

Raw  calibration  data  was  processed  in  order  to  correct 
for  the  change  in  angle  between  the  line  of  action  of 
the  air  cylinder  rods  and  torque  arm  radius  line  which 
passes  through  the  center  of  the  torque  shaft,  since 
perpendicularity  will  not  be  maintained  as  the  torque 
shaft  twists  and  the  arm  deflects.  Also,  the  composite 
net  applied  torque  was  calculated  from 


where  f]  and  fp  are  the  two  applied  forces  as  measured 
using  the  load  cells  and  r]  and  r2  are  the  effective 
torque  arm  lenqths  to  the  right  and  left  of  the  center. 
A  third  order  mathematical  model  was  prepared  as  de¬ 
scribed  in  appendix  G,  annex  C.  The  2q  spead  was 
found  to  be  0.122  lb. 

2.7.6  Conclusion 

The  torque  rig  design  is  judged  to  be  accurate  for  most  fluid 
power  applications,  however,  the  process  is  tedious  at  best. 

The  horizontal  torquing  plane  appears  to  offer  its  greatest 
potential  when  calibrating  larger  torque  shafts  which  might 
otherwise  require  tons  of  dead  weights. 

2.7.6.  I  estimated  Uncertainty  of  the  Torque  Calibration  Rig. 

There  are  three  major  error  contributors  to  the  torque 
ca 1 i bra  t ion : 

1.  Uncertainty  in  the  length  ot  the  torque  arms. 


2.  Uncertainty  in  !.►.••  < ere--  a*-,  determined  from  the 
load  cell  call  bra f  i on . 
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5.  WttkLY  Tl  Lf  VISION  f  R[  QUI  NC  Y  TRANSFER  MEASUREMENTS  USING  THE  COLOR  SUBCARRIER 

T.’nse  data  arc  furnished  for  users  who  are  making  frequency  transfer  calibrations  using  the  television 
’■rtwori  3.58  Mnz  color  subcarrier  signal.  This  signal  Is  controlled  during  network  progranml no  by  atomic 
frequent/  standards  located  at  each  of  the  major  u.  S.  television  network  originating  studios  (ABC  uses 
ce-.ijm  standards,  NBC  and  CBS  use  rubidium  standards).  These  network  standards  are  low  with  respect  to 
JTC ■. NEJS )  by  about  minus  3000  parts  in  loll  (-3000  *  lO'll). 

- 1 2 

N8S  estimated  uncertainty  of  these  measurements  Is  4  x  10  ,  except  for  ABC  which  has  an  estimated 

uncertainty  of  *  2  x  10"'?.  However,  users  of  the  color  subcarrier  should  not  expect  measurement 
uncertainty  as  snail  as  quoted  since  the  NES  measurements  are  based  on  averaging  approximately  150  hours 
of  data  per  week  per  network.  Measurement  uncertainty  as  a  function  of  averaging  time  that  may  be 
reasonably  expected  Is  as  follows: 

AVERAGING  TIME:  !0_seconds  100  seconds  1 5jn ijjutes^  30  minutes  24  hours 

MEASUREMENT  UNCERTAINTY:  3  x  10'10  6  x  10'11  2  x  1  O' 1 1  1.5  x  10'11  6  x  10'12 

Measurements  can  be  made  only  on  programs  originating  from  the  network  studios  In  Los  Angeles  (West  Coast) 
or  New  York  City  (East  Coast).  East  Coast  data  are  for  those  users  In  the  Eastern,  Central,  and  Mountain 


ime  Zones. 

West  Coast 

data  are  only 

for  those 

users  in  the 

Pacific  Time  Zone 

_ average 

RELATIVE  FRE 

iQUENCY  ( in  parts 

In  1011) 

“!  ASUREMi  h 

0  PERIOD 

EAST  COAST 

WEST  COAST 

1978 

NBC 

CBS 

ABC 

NBC 

CBS* 

ABC 

30  JULY  - 

5  AUG. 

-3001. 0** 

-3001.2 

-2999.9 

-3007.2 

-3015.2 

-2999.8 

f  AUG.  - 

1?  AUG. 

-3001.9**' 

-3001.2 

-2999.9 

-3007.8 

-3015.5 

-2999.9 

13  AUG.  - 

19  AUG. 

-3002.9** 

-3001.0 

-2999.9 

-3008.2 

-3015.8 

-3000.0 

.0  AUG.  - 

? 6  AUG. 

-3003.6** 

-3001.1 

-2999.9 

-3008.5 

-3015.  7 

-2999.9 

27  AUG.  - 

2  SEPT. 

-3006.2** 

-3001.0 

-2999.8 

-3008.8 

-3016.0 

-3000.0 

for  information  on  how  to  use  this  frequency  transfer  method,  write:  Time  and  Frequency  Division,  NBS, 
Boulder,  Colorado  80303. 

•The  CBS  station  In  Los  Angeles  Is  now  using  a  frame  synchronizer  on  the  Incoming  network  line.  There¬ 
fore,  the  color  subcarrier  for  CBS  West  Coast  Is  no  longer  available  to  users  in  the  Los  Angeles  area. 
The  published  CBS  West  Coast  data  are  derived  from  Line-10  measurements  made  by  the  Hewlett-Packard 
Company,  Santa  Clara,  California. 

••Uncertainty  of  the  NBC  data  is  approx  Ima  tely  *2  »  10  'V 


6.  BROADCAST  OUTAGES  OVER  5  MINUTES  AND  WWVB  PHASE  PERTURBATIONS 

_ _ _ _ OUTAGES _ _ _  _PHASE  PERTURBATIONS  WWVB  60  kHz 

AUG.  BEGAN  ENDEO  AUG.  BEGAN  ENDED 

STATION  1978  MJD  (UTC)  (UTC)  FREQUENCY  1978  MOD  (UTC)  (UTC) 


NONj  NONE 


-5- 
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Uncertainty  of  Reference  Standard: 

3579545  x  3  x  10‘10  =  1.1  x  10‘3  Hz 

Uncertainty  of  Working  Instrument: 

No.  of  Counts  =  f  x  Gate  Time 

Gate  Time  =  No.  of  Counts  =  f  ref  +  f  error 
f  ref  f  ref 

=  f  jref  +  f  error  =  1  +  f  error 
f  ref  f  ref  f  ref 

Error  in  Gate  Time  =  1  -  Gate  Time  =  f  error 

f  ref 

Counter  No.  1985 

Error  in  Gate  Time  = _ 4 _  =  1.1174  x  10  ^ 

3579549 

Counter  No.  3869 

Error  in  Gate  Time  =  _ 9____  =  2.5142  x  10  ^ 

'3579549' 

Counter  No.  3870  +  3874 

Error  in  Gate  Time  -  3  =  8.3809  x  10  ^ 

3579549 


APPENDIX  _C 

FLOW  CALIBRATION^  DATA 
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FLUID  POWER  INSTITUTE 
MILWAUKEE  SCHOOL  OF  ENGINEERIN' 

-Calibration  of  Laboratory  Flow  rate 
Reference  Standard 


DESCRIPTION  Repeatability  Test  of  Upper  and  Lower 
_  Triggering  Level  Switches 

COMMENTS 


PROJECT  'in.  50560 
DAT..  3-19-73 

TECHNICIAN 


INSTRUMENTATION 

Starrett 


Machinists  Scale 


Trail 


Distance 

Ave . 

INS 

INS 

2.187 

2.24 

2.  750 

2.24 

1.906 

2.24 

1.875 

2.24 

1.50 

2.24 

1  . 094 

2.24 

3.219 

2.24 

2.313 

2.24 

2.313 

2.24 

3.250 

2.24 

Defc/. 


INS 


-  .053 


Distance 

Ave. 

Dey. 

INS 

INS 

INS 

1.031 

1.722 

-  .691 

2.063 

1.722 

.341 

2.406 

1.722 

.684 

2.813 

1.722 

1.091 

3.063 

1.722 

1.341 

.844 

1.722 

-  .878 

.219 

1.722 

-1.503 

1.406 

1.722 

-  .316 

1.531 

1.722 

-  .191 

00 

1.722 

L-  -:L22  ■  .I 

total  volume  calculations 


V  =  41  gal  X  231  j_n^  *  (2000cc  x  .06102  in3  )  -  V  tube 

gal  cc 

V  tube  =Ay  '7f~'  I  •  252  A  y  =  12.840  in 

4 

V  tube  =  12.340  (  1 ,252)  =  15.78  in3 

4 

V  total  =  9471  in3  -  122  in3  -  15.78  in3  =  9333.22  in3 

V  total  =  9333.22  in3  -  40.40  gals 

REPEATABILITY  ERROR 

2 

(  range  top  +  range  bottom  )  X  TTl  .  25^ 

2  *  2  4 

-  (  2.156+2.187  )  *  1.230 
2  2 

=  (  1.078  +  1.094  )  %  1.230  -  2.672  in3 

error  =  (  2.672Jn3  )  x  1 00  =  .0286% 

9333.22 

repeatabi 1 i ty  error  =  .0286 

VOLUME  UNCERTAINTY 
upper  triggering  level 

2  </  =  1  •  392  in  V  =  It  l-_252  x  2  S 

4 

v  -  7T  bAbl  x  ]-392  =  T-708  1r|3 
4 

lower  triggering  level 

2  b  =  1.79  in  V  =  7T  1 .252  x  2^ 

"  4 

V  7T  1.-2>Z  *  1 .79  -  2.197  in3 


total  uncertainty  r  1.708  in3  +  2.197  in3  -  3.905  in 

3 

volume  uncertainty  r  3.905  in 

error  =  3.905  x  100  =  .0418% 

9333.22 


diameter  at  run  time  r  22.502  in 

volume  =  r  D2  (  23.0625  in  ) 

4" 

V  -  Jf  22. b2  (  23.0625  )  =  9169.8  in3 

c  '  4 

V  -  Jf  22.5022  (  23.0625  )  =  9171.6  in3 

4 

error  -  Vf  -  Vc  -  9171.6  -  9169.8  =  1.8  in3 

l.J3J_n3  _  x  100  =  .0193 
9333 . 22  in3 
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FLUID  TOWER  INSTITUTE 
MILWAUKEE  SCHOOL  OF  ENGINEERIN'* 


■rry  Calibration  of  Laboratory  Flowrate 
Reference  Standard 


DESCRIPTION 


PROJECT  NO.  50560 
n  at ■ *  4-20-79 


TECHNICIAN 


J.T.M. 


COMMENTS  Used  Calibration  Data  From _ 

3 

5  gpm  run  on  2.3  in  /rev  P  D  Meter 


— - - INSTRUMENTATION 


Counts  Counts 


wi  th 


513165 


513158 


Time  I  Frea. 


Temp . 


513197 


513225 


513855  | 

464.68 

51  3637 

461.54 

513613 

458.62 

513606 

460.46 

513389 

466.90 

513181 

513620 

462.44 

1  1  1 

CLINGAGE  ERROR 


total  volume  through  flowmeter 

9333.22  in3  with  ave.  pulses  of  513620 

9333_.22  in^  x  120  pulses  =  2.18  in3/ rev 

513620  pulses  rev 

volume  change  due  to  cl  ingage 

Av  =  (P  cling  -  P  cal )  rev _ x  2.18  in 

120  pulses  rev 

=  (513620  -  513181  )*2_J8  =  8  in3 

120 

3 

clingage  uncertainty  =  8  in 

8  x  100  =  .0857-,. 

9333.22 


error 


SUMMARY  OF  UNCERTAINTIES  FOR  LABORATORY  FLOWRATE  REFERENCE  STANDARD 


1.  Uncertainty  of  volume  of  5  gallon  Seraphin  o 

bucket  from  NBS.  2.079  in 

2.  Uncertainty  of  volume  of  5  gallon  Seraphin  ^ 

bucket  from  Wisconsin  Dept,  of  Agriculture.  2.16  inJ 

3 

3.  Uncertainty  of  Seraphin  bucket  readability.  4.05  in 

3 

4.  Estimated  Uncertainty  from  FPI  Technician  4.5  in 


5.  Triggering  level  uncertainty.  ^ 

(composite  of  upper  and  lower)  3.905  in 

3 

6.  Thermal  expansion  uncertainty.  1.8  in 


7.  Clingage  uncertainty. 


Total  Uncertainty 


26.49  in3 


Total  Uncertainty  r  26.49  _  x  100  =  .284% 

9333.22 


FLUID  POWER  INSTITUTE 
MILWAUKEE  SCHOOL  OF  ENGINEERING 

2-3  m^/rev  P.D.  flowmeter  Calibration 


DESCRIPTION 


COMMENTS  __Mobi  ]_  DTE  24  Oi  l  at  9b  F 

_ A ve.  meter  factor  211.415  HZ/gpm 


PROJECT  ’jr>.  ^ 

oat..  4: 

TECHNICIAN  iL. 


instrumentation 


~  ’  a  l  a  i  _ 

Wm  Run 

'reft  Time 


Trial  #2 


Total 


Ac  tua ' 


Target 
F I  ow 


M  .■ 

2144.7 

:  £ 

3222.5 

DO 

4261  .6 

/ 

5354.2 

3!  , 

6  395 . 6 

i-:> 

7436.2 

?0.  35 


1 5.7? 


A 

13165 

5 

13328 

5 

1  3094 

5 

12882 

5 

12505 

5 

1222?  j 

5 

11674 

5 

1  1  509 

15.23 


20.14 


25.33 


30.27 


35.24 


40 . 65 


1126.6 


2178.5 


3285.9 


4187.6 


5417.7 


632 


7455.7 


8573.9 


SEC 

455 

.49 

235. 

.65 

156. 

.13 

122, 

.49 

94. 

60 

80. 

94 

68. 

62 

59. 

66 

513158 


513357 


513021 


512946 


512515 


512128 


511607 


511518 


Total 


Counts 


Ac tua  1 


F 1  ow 


iPM 


Target 


F  low 


GPM 


5 


10 


Ave 

Run 

Freq 

Time 

HZ 

J 

SEC 

I  120. 7 

457.91 

2151  .  1 

238.56 

3231.1 

158. 79 

4263.5 

120.26 

5210.3 

98.39 

6342.5 

80.77 

7485 

68 . 34 

8535.1 

59.92 

5.32 


10.29 


15.53 


19.79 


25.63 


29.95 


35.33 


40.63 


Ac tua ' 


Counts  Flow 


GPM 


5.29 


10.16 


513197 


513161 


513067 


512729 


512645  24.64 


512281 


30.01 


35.47 


FLUID  POWER  INSTITUTE 
MILWAUKEE  SCHOOL  OF  ENfilNEERlNO 


Lebow  Load  Cell  Calibration 


UE SCRIPT IOW 


Model  3167-100  s/n  518 


PROJECT  WO. 


50560 


TECHNICIAN 


DAT..'  1 1-8-78 
J.O.M. 


COMMENTS 


INC  increasing  value 
DEC  decreasing  value 


INSTRUMENTATION 

Ashcraft  weights _ 

Daytroni cs  Ampl i f i er 
Fluke  VTVM 


_ Trial  # 5 _ 

Weight  INC  DEC 


Lbs  Volts  1  Volts 


FLUID  POWER  INSTITUTE 
IIIIWAUKCC  SCHOOL  OF  [NO  I  MEERUT 


.  ebow  Lo  id  Co  11  Ca  i  i  bra  ti  on 


DESCRIPTION 


Model  3167  -  100  s/n  618 


PROJECT  NO.  50560 

DAT.;  JJL±ZL 

TECHNICI/'*!  A-Q-^  - 


COMMENTS  Ca 1  resister  value  =  73.16  lbs 

__  j_NC _ i  nc  rea  s  i  ny  value 

DEC  decreasing  value 


Trial  a I 
iuht  J  INC  DF 


Volts  Volts 


2 . 683 


19.114 


i  .  301 


I  .  930 


7 


3.815 


4. 04? 


5.069 


5.696 


6.  320 


6 . 94  7 


7.67? 


Trial  <*2 
DEC 


Volts  Volts 


0 


.024 


.655 


1.283 


1.913 


2.542 


3.169 


3. 797 


4.424 


5.052 


5.67  n 


6.301 


6.926 


7.  55? 


Trial  "3 
C  DEC 


Vol ts  Volts 


INSTRUMENTATION 

Ashcroft  weights _ 

Daytroni cs  Ampl i f i er 
Fluke  VTVM 


Trial  44 


Volts  Volts 


.023 


.653 


1.283 


1.911 


2.540 


3.168 


3.796 


4.423 


5 . 05  l 


5.677 


6.30? 


6.929 


7  C  s ') 


.038 


.668 


1.295 


1.922 


2.551 


3.178 


3.806 


4.433 


5. 


5.688 


6.  313 


6.939 


7 . 564 


.032 


.662 


1.293 


1.922 


3.179 


3.807 


4.436 


5.063 


5.687 


6.313 


6.939 


7.564 


.663 


1.294 


1.924 


2.553 


3.180 


3.810 


4.438 


5.066 


5.691 


6.316 


6.942 


7.567 


.034 

.664 

1  . 

.297 

1 . 

.925 

2. 

.554 

3. 

182 

3. 

810 

4. 

.437 

5. 

.064 

5, 

.691 

6. 

.  316 

6, 

.943 

7 

.567 

Uncertainty  of  Lebow  Load  Cell  Model  3167-100  s/n  517 


Reference  Standard  Error  =  .05% 

Readability  Error  =  .006% 

Calibration  Error  =  2  <r=  .008 V 

.008  x  100  =  .106% 

7.574 

Total  Error  =  .05%  +  .006%  +  .106%  =  .162%  =  .122  lbs 
Uncertainty  =  .122  lbs 
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FLUID  POWER  INSTITUTE 
iLVJAUKEE  SCHOOL  OF  EWGIMEERIW'*. 


Wow  Load  Ceil  Calibration 


DESCRIPTION  - 


Modei  3167-100  s/n  617 


PROJECT  on.  50660 

DAT..'  _LL±Zi 
TECHNIC!  A*J  J;°-- ■— 


COMMENTS  Summary  of  Ave  Valves 

I NC  i  no rea  ■>  i  riy  va  I  ues 
DEC  decreasing  values 


INSTRUMENT  AT  ION 


Daytronics  Amplifier 
Fluke  VTVM 


Welunt  INC 


IE. 683 


-.001 


.030 


.667 


1.293 


1.923 


2.553 


3.  182 


3.810 


4 . 4  39 


3.067 


6.694 


6 .  V?  1 


6 . 948 


7.673 


0 

.  361 

6 

612 

12 

683 

19 

114 

25 

366 

31 

61  7 

37 

868 

44 

]  1 9 

50 

370 

I  nd . 


Value 


Volts 


0 


.029 


.661 


1.291 


1.921 


2.551 


3.180 


3 . 809 


4.436 


5. 


Conv . 


lb  /V 


FLUID  POWER  INSTITUTE 
1ILVJAUKEC  SCHOOL  OF  CNMNEERlir. 


Leboir.  Load  Cel  I  Calibration 


DESCRIPTION 


Model  3167-100  s/n  517 


DAT.. 
TECHNI  Cl  F'l 


50560 

11-3-78 

J.O.M. 

. 

COMMENTS 

I_NC_  i  nc  reas  i  n< j  v,.i  i  ae 
Or  C  decreasing  value 


INSTRUMENTATION 
Ashcroft  Weights _ 

Day tron i cs  Amplifier 
Fluke  VTVM 


FLUID 

MILWAUKEE 


INSTITUTE 
OF  ENGINEERIN'! 


PROJECT  'JH. 

DAT..' 

TECHNICIAN 


50560 

11-3-78 

J.O.M. 


INSTRUMENTATION 

Ashcroft  Weights _ 

Daytron 1 c s  Amp  1 i fi er 
Fluke  VTVM 


«2  Trial  <<3  Trial  #4 


DEC 

INC 

DEC 

INC 

DEC 

.  / 

Vol  ts 

Vol  ts 

Vol  ts 

Vol  ts 

Volts 

0 

0 

-.001 

-.001 

-.OCT 

mm 

.032 

.033 

.026 

.027 

.664 

.664 

.658 

.660 

1  .  290 

1.294 

1.295 

1.289 

1.291 

1 

1.920 

1.925 

1.926 

1.918 

1.921 

2.550 

2.554 

?.555__ 

2.550 

2.551 

3.  178 

3.183 

mmm 

3.179 

3.181 

3.81:7 

3.812 

3.813 

3.809 

3.810 

4 .435 

4 . 440 

4.442 

4.437 

4.439 

5.064 

; ;1; 

5.  069 

5.066 

5.067 

8.690 

5.694 

5.696 

5.694 

5.695 

J 

6.  317 

6.32? 

6.324 

6.321 

6.322 

I 

J 

6.944 

6.949 

6 . 950 

6.950 

6.950 

l 

) 

7.570 

7.575 

7.574 

7.576 

7.575 

T  i 

3 

Uncertainty  of  10  in  /rey_  P^_._ H_ow(pe_t_e_r 

deviation  'Z&>  '  .4669  hz 

ave  meter  factor  31.334  hz/qpm 

random  error  ~  2  O'  .4669  hz 

readability  error  -  !  hz 

reference  standard  error  -  .286  ’Q 

total  error  -  1.4669  hz  _  +  .286  Q 

3  I . 334  hz/qpm 

instrument  uncertainty  =  .047  gpm  +  .286  Q 
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FLUID  POWER  INSTITUTE 
MILWAUKEE  SCHOOL  OF  ENGINEER  I  NO 

in  /'rev  P.  D.  Flowmeter  Calibration 


[)[  SCRIPT  IOW 


PROJECT  On.  SO 5 60 
DAT;.'  3'21~79 
TECHN1CIM 


CO.'tMENTS  Mobil  DTE  04  Oil  at  95''  F 


INSTRUMENTATION 


Target 
F  1  ow 


rial  -  5 


Fret]  Time 


636.0  I 


19.30 


92.02 


Iota.: 

Counts 


Aetna 
F  I  ow 


Target 
F 1  ow 


on 

5.  37 

5 

75882 

10.22 

10 

75988 

15.19 

15 

75969 

20.  32 

20 

75926 

26.34 

25 

75940 

30.7  7 

30 

75910 

36. 3 

35 

Trial  * 

Ave 

Freo 


HZ 


168 


319.8 


476.3 


636.8 


825.2 


64.3. 


1135.5 


SEC 

451 

53 

237 

28 

159 

51 

119 

27 

92 

05 

78 

75 

66. 

85 

Tota  1 
Counts 


75876 


75875 


75974 


75957 


75958 


75937 


75910 


Actual 
i  FI  ow 


GPM 


5.37 


10.22 


15.19 


20.34 


26.34 


30.78 


36.26 


FLUID  POWER  I liST I TUTC 
IllLV/AUKEC  SCHOOL  OF  ENGINEERING 


10  in  /rev  P.D.  Flowmeter  Calibration 


DESCRIPTION 


COMMENTS  Mobil  DTE  24  Oil  at  9b  F 


PROJECT  OH.  50560 
DAT..'  3'21~ 
TECHNICIAN  -i'  — 


INSTRUMENTATION 


3-21-79 

J.T.M. 

1  cH  ■  1 1 

f  ;  ow 


T  r  i  a  1  a  1 

Run 


Total 

Counts 


Actual 

Flow 


809 . 4 


962.4 


1  1  20 . 9 


12  76 


453. 

,01 

237. 

08 

157. 

.62 

119. 

,91 

93. 

85 

78. 

,97 

1 

CO 

-V»J 

74 

59. 

,50 

7591  1 


76038 


75993 


75965 


76001 


75928 


75922 


GPM 

5. 

35 

10. 

23 

15. 

,38 

20. 

22 

25. 

83 

30. 

69 

Target 

Flow 


GPM 


92.(i  7 


78.80 


66 . 86 


58.99 


75889 


7588  i 


75967 


759/3 


75959 


759i  3 


75927 


Trial 

Ave 

Freq 


HZ 


167.8 


320 


481.4 


637.5 


825.4 


963.8 


Ave 


Freq 


HZ 


1 68 . 4 


319.7 


476.9 


636 . 6 


824.9 


963.9 


SEC 

452. 

,32 

237. 

37 

157. 

91 

119. 

17 

92. 

12 

78. 

80 

66. 

91 

58. 

99 

237.37 


159.34 


119.31 


92.03 


78.79 


66 . 86 


J  Tota  1 
I  Counts 


75893 


75921 


7601  3 


75967 


76032 


75948 


75943 


75908 


Actual 

Flow 


GPM 


10.22 


15.35 


20.3 


26.32 


30.76 


36.23 


41.10 


Tota  1 

Actual 

Counts 

Flow 

GPM 

5.38 

Q  | 

10.21 

75995 

15.21 

75953 

20.31 

75920 

26.34 

75949 

30.76 

75904 

36.26 

75961 


4 1  .  1  Cl 


3 

Uncertainty  of  2.3  in  /rev  P.J.  Flowmeter 

deviation  icf-  2.49  hz 

ave.  meter  factor  211.415  hz/gpm 

random  error  -  2  d  2.49  hz 

readaoility  error  =  1  hz 

reference  standard  error  =  .286  of  Q 

total  error  =  _ 3 . 49_  hz _ +  .286  Q 

211.415  hz/gpm 

instrument  uncertainty  =  .0165  gpm  +  .286  Q 


■ 


FLUID  POWER  INSTITUTE 
II LWAUKEE  SCI i OH  Of  ENOIUEERIii'T 


_t‘uow  Coed  Cell  Calibration 


DESCRIPTION 


3167-100  s/n  518 


PROJECT  ’.'0.  ________ 

DAT..'  b~1lJ'79 

NAS 

T ECHNI  Cl l"l  _ ' — ’ — E 


COMMENTS  Absolute  Value  of  Deviation  front  the  Average 
INC  increasing  values 
DEC  decreasing  values 


INSTRUMENTATION 


Trial  a 1 


Ave 

Value 


Vo  1 ts  ! 


INC 

Volts 


DEC 

Volts 


Tria 1  ~2 

INC 

Volts 


DEC 

Vol  ts 


Trial  =3 

INC  1 

Volts  1 


_DE_C _ 

Vol  ts 


i  m 


incerta i nty  of  Lc-Licw  J.oad_  Cel  l  Model  3167-100  s/n  5 ] 8 


Reference  Standard  [rror  =  .05  =  .0377  lbs 

Readability  Error  -  .006 

Calibration  Error  -  2  =  ,008V 

,008V  x  100  •-  .106 
7 . 566  V 

Total  Error  -  .05  +  .0060  +  .106. 

-  . 16?  =  . 12?  lbs 

Uncertainty  7  .122  lbs 


*  L 


U  n  ce  r  ta  i  n  ty  o_f  i.  a  b  or  a  to  ry  Torque  Reference  Standard 

Torque  Arm  Length  Uncertainty 

.010  in  .010  x  100  =  . 0332 
30.055 

Load  Cell  Calibration  Uncertainty 
.  162 

Angular  Misalignment  Uncertainty 

2 (Ae)2  X  100  AQ  =  r  -  .01  745  radians 
=  2 (.01 745 )2  x  100  =  . 06 A 
Total  Uncertainty  =  .033  +  .162  +  .06 
.255  =  5.1  in  lbs 
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FLUID  POWER  INSTITUTE 
MILWAUKEE  SCHOOL  OF  CNf.lNEERlir, 


•£cj  m  irime  !  s  t  ei  n  2000  in  lb 
Tor\i.,e  Shaft.  Calibration 


DESCRIPTION 


Jaytronics  300D  and  F  lake  VTVM  for  Load  Cells. 


Daytrorics  3? 78  f pr  Torque  Shaft 


COMMENTS _  _ 

A- load  cell  5J_7 _ length  15.07?  ini 

B-  load  cel  i  518  length  15.033  tnS 

Cal  resistor  value  -  2016  IN  LBS 


Trial 

Target 


Increasing 
B 


1.379 


2.010 


2.616 


Force 

of  Beam 

Vol  ts 

IN 

0 

0 

.  583 

.063 

1.275 

.  125 

1.972 

.203 

2.708 

.250 

3.415 

.328 

4.072 

.391 

4.717 

.453 

5.  393 

.  531 

6 .  1  38 

.  594 

6 .  740 

.656 

Trial  42  Increasing 


Decreasing 


Vol  ts 


B 


Force 


Vol  ts 


Def . 


of  Beam 


IN 


4. 


4.  740 


h.  51 9 


6.237 


PROJECT  OH.  60560  _ 

dat..  } 

TECHNICIAN  iLA-A— 

J.O.M. 


INSTRUMENTATION 

Daytronics  Amplifiers 

Fluke  VTVM 


; Calc. 


Torque 


IN  LBS 

0 

197. 

90 

398. 

82 

-  98. 

39 

800. 

07 

1000. 

54 

1202. 

.66 

1403. 

.57 

1605, 

.59 

1807. 

.67 

2010, 

.99 

IN  LBS 


0 


197.17 


397.78 


599.01 


799.63 


1000.89 


1203.41 


1400.56 


1607.18 


1808.99 


0 

0 

198.81  | 

198.97 

399.13 

398.10 

600.95 

600.21 

801.72  , 

801.42 

1003.39 

1003.39 

1204.91 

1204.90 

1405.53 

1405.67 

1607.06 

1608.83 

1803.46 

1813.05  J 

FLUID  POWER  INSTITUTE 
MILWAUKEE  SCHOOL  OF  ENGINEERIN'* 

~lS7  Himmelsiein  2000  in  lb  Torque  Shaft  Calibration 


DESCRIPTION  Uaytronics  3000  and  Fluke  VTVM  for  Load  Cel  1 


PROJECT  DO. 

DAT.. 

TECHNICIAN 


50560 
1  1-14-78 
N.A.S. 
J.Q.M. 


COMMENTS 

A  - 

1  oad 

ce  1 

1  5  1  7 

1 enyth 

15.022  in 

LT  “ 

i  oad 

ce  1 

1  5 1 8 

i  ength 

15.033  m 

Ca  1 

resi ster 

va  1  ue 

2016  IN 

LBS 

'rial  *3 


Increas inq 


Target  |  A 
To rage 


Force 


_B _ 

Force 


-.011 


2.643 


3.  346 


Def.  of 
Beam 


0 


_A _ 

Force 


.020 


Decreasing 

B 

Force 


-.015 


Def.  of 
Beam 


0 


5 . 986 

6.01  3 

.  594 

6.620 

6.  706 

.  656 

6.047 


INSTRUMENTATION 

Daytronics  Amp  I i f i ers 
Fluke  VTVM 


IN 


0 


197.90 


398.97 


598.84 


1197.99 


1399.50 


196.26 


998. 

,43 

1200. 

,70 

1  399. 

.82 

1600. 

14 

1801  . 

.95 

2003. 

,62 

998.28 


1200.25 


1401.61 


1602.07 


1803.73 


0 

195. 

.35 

396. 

42 

596. 

.12 

796. 

74 

194.62 


95.10 


796.63 


996.65 


1398.93 


FLUID  POWER  INSTITUTE 
IIILVJAUKCC  SCHOOL  OF  Eur, INHERIN'! 

-  •  CT  n  inune  I  stei  n  2000  in  1  b  Torque  "Snaft  Calibration 

L  .H 


Oaytronics  300D  and  Fluke  VTVM  for  Load  Cell' 


PROJECT  on. 
DAT.. 


DESCRIPTION  —  _i_L  ___________ 

Oaytronics  32 7 B  for  Torque  Shaft 


:o: TIE  NTS  ^ 

A  -  ’yac;  coii  517  length  i5.0?F  r. 

5  -  hr id  i it i  510  length  15.035  n 

cal  resistor  va.ne  -  2(  ! o  IN  LBS 


Increas i ng 

~T~ 

e  !  Fnri'i1 


A  T  B  ! D e f .  of 


iue  !  Force _ ‘  Force  Beam 

Rs  !  On  Its  Volts  IN 


-.017 


1.361  1.280 


?.o42  i .927 


Decreasing 


rorce  1  force 

- j - 

,V;itS  !  Volts 


2.600  2.708 


3.456 


I  3 .  3 1  j 


i  4 .057 


Def.  of 

Beam 

IN 


0 


.094 


.172 


.234 


.313 


.375. 


.42 


TECHNICIAN  .  .(j-AJli. 

1  _Q .  M . 


INSTRUMENT  AT  ION 

Day  r.ron i  cs  Am. 0  i  fj_ ers 
Fluke  VTVM 


:  Calc.  I  Tor 

INC  j  DEC 
IN  IBS  \  IN 


396. 

87 

597. 

18 

797. 

67 

997. 

69 

1198 

.81 

1399 

.23 

1601 

.50 

1801 

.97 

0 


195.51 


396.58 


595.09 


798.26 


999.48  1 


1602.21 


1803.87 


2004.09 


FLUID  PONCA  INSTITUTE 
MILWAUKEE  SCHOOL  Of  ENGINEERIN'; 

71  ST  riiinmel  stein  2uG0  m  lb  Torque  Snoft  Calibration 


S C  R 1  P T I  Oil  M  e. .  u  i  u  L  e  V a  i  u o  of  Dev  i  a  1 1  on  t  r oin  the  A vera  qo 


PROJLCT  'JO.  _50£ 

dat.;  JrJ 

TECHNICIAN  JL-1 


CO  1-1  LUTS 


—  IUSTRUI1FNTATI0N 


'  At <; e . i  i  :v;  v a  lue 

dec reu , i no  value 


99 3 . 69 


194. 36 


39  3  .  . 


I 

5 


.816 


1 . 200 


.987 


Tnai  -  2 


Trial  *3 


Ave  _  INC  DEC 

Value  IN  LBS  IN  LBS 


.  372 


.452 


1.230 


.937 


1.292 


I  .  867 


IN  LBS  I  IN  LBS  I  IN  LBS  IN  LBS 


] , 

.879 

1  .  790 

3. 

353 

i  2. 

.817 

-> 

j . 

318 

3. 

707 

4 . 

1  0  1 

3 . 

257 

i.469 

2.426 


2.547 


3.768 


u  367 


Trial  #4 

INC _ 

IN  LBS 


j  DEC 
IN  LBS 


.985 

.654 

(J~i 

-£=> 

03 

1.991 

1.622 

1.787 

.928 

2.205 

1.278 

1.902 

1.406  ; 

2.191 

.039  1 

1.423 

2.281  1 

1  .916 

1.087 

1.305 

2.513 

2.928 

.763 

tm\ 

3.563 

1.983 

1.639 

.031 

2.019 

2.589 

3.653 

1.953 

1  . 393 

1  .  573 

2.979 

1.299 

1.799 

? .  869 

mem 

3/495 

4.555 

i  .  265 

Laboratory  Reference  Uncertainty  =  5.1  in-lbs 
Readability  Uncertainty  =  1  in- lb 
Calibration  Uncertainty  =  zEi*  =  2.651  in-lbs 
Total  Uncertainty  =  5.1  +  1  +  2.65  =  8.75  in-lbs 


#)• 


APPENDIX  E 

TEMPERATURE  CALIBRATION  DATA 
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U n ce rt aj nty_ _qf_L a  bo r_a  t  o  ry_  Re ference  Standard  Thermometer  #673650 

Reference  Calibration  Error  =  1°F 

Readability  Error 

RE  =  2  x  smallest  scale  div. 

2  +  RF 

RF]  =  3(l-e(-5'Klw)) 

Smallest  Scale  Div.  =  2°F 

w  '  65  mm  =1.3 
50  div 

RF  t  =  3 ( 1  - e  ‘ 93 )  =  1.82 

RE  =  _2_  x_2_  =  4_  1 . 05°F 

2  +  1.82  3.82 

Total  Uncertainty  =  1  +  1.05  =  2.05°F 


FLUID  POWER  INSTITUTE 
I II LVJAUKEE  SCHOOL  OF  C NO  I  NEE  R I  NO 


'LET  Omega  Iron  -  Constantan 
Thermocouple  Calibration 

DESCRIPTION  - _ 


PROJECT  on. 
DAT 

TECHNICIAN 


50560 

10-19-78 

J.O.M. 

D.G. 


--  J 


COMMENTS  Calibrated  with  10  ft.  of  extension  lead 


INSTRUMENTATION 

DAS _ 

Thermometer  67365c 


Targe_L_ 
Va  !  ue 


61.8 
o9 . 8 


78.8 


89.4 


99.5 


107.8 


120.3 


128.8 


138.2 


149.5 


158.5 


168.5 


180.  1 


1  89 .  f) 


199.2 


Trial 

j*2 _ 

_ 

38.7 
48.0 
58.5 
68.  7 


00 

9 

88. 

8 

97. 

7 

109.1 

1  18. 

8 

129. 

2 

137. 

9 

149. 

5 

158. 

9 

168. 

2 

179. 

4 

190.1 

199. 

.0 

204. 

6 

Trial 

tf3 

°F 

39.6 

48.2 

58.6 

69.2 


78.7 


89.  1 


99.6 


109.2 


119.5 


129.4 


159.4 


169.8 


178.5 


1  ”9 . 9 


199.3 


203.  1 


Trial 

_#4 _ 

°F 

37.1 

49.7 

59.8 
69  1 


78.6 


89.5 


99.9 


110.2 


119.5 


138.5 


150.7 


159.9 


167.9 


179.2 


190.3 


201 .8 


205.8 


Trial 

#5 

__F _ 

39.2 

49.3 

59.3 
69.0 


79.0 


Ave 
Value 
°F _ 

39.2 

49.3 

59.3 

69.0 


109. 

2 

119. 

6 

128. 

8 

138. 

6 

149. 

.8 

159. 

3 

168. 

7 

179. 

4 

189. 

7 

199. 

,8 

204. 

5 

79. 

0 

89. 

3 

99. 

2 

109. 

2 

119. 

6 

128. 

8 

138. 

6 

149. 

8 

159. 

3 

168. 

7 

1 79. 

4 

189. 

7 

,1  99. 

8 

204. 

.5 

fluid  rower*  institute 

MILWAUKEE  SCHOOL  OF  ENGINEERIN') 


LST  Omega  Iron  -  Constantan 

Thermocouple  Calibration 


DESCRIPTION  - - 

_ _ Th ermoeouple  »0 


COMMENTS  Abso 1 ute  Value  of  Deviation  From  The  Average 


PROJECT  NO. 

DAT.. 
TECHNICIAN 

INSTRUMENTATION 


5C560 


10-19-78 

J.O.M. 

CL?. 


Ave 

.  rial 

Trial 

Trial 

Trial 

Trial 

" 

V  a  1  u  e 

«1 

#2 

#3 

*4 

#5 

i 

T 

°F 

<>F 

°F 

°F 

II 

warn 

■ 

2.6 

.  5 

.4 

.2 

2.1 

j 

49.3 

1  .  1 

1.3 

1  .  1 

.8 

.4 

J 

5  7.3 

2.5 

1.2 

1.3 

1 .6 

.5 

1 

)■  69.;, 

.8 

.  3 

.2 

1.2 

.7 

79.  i: 

.2 

.  1 

.  3 

1.0 

1.6 

i .  •; 

.  1 

.  5 

.2 

.4 

•  2 

'■)  -A  . 

.3 

1.5 

.4 

.  3 

.7 

i.i.  V 

1  .4 

.  1 

0 

.6 

1.0 

\  \  '■)  .  0 

.7 

1.2 

.  1 

.  I 

.1 

J  . "  .  cj 

0 

.4 

.6 

.  5 

:  5 

i 

1  jri .  6 

.4 

1.3 

.  3 

.7 

.  1 

j 

i  4  9  .  ,3 

.  3 

.  3 

.  1 

.  2 

.9 

1 

| 

i  C)  .  < 

.  8 

.4 

.  1 

.  5 

.6 

1 

1 

i  68 .  / 

O 

.  c 

.  5 

i  .  i 

.  2 

.8 

!  79 .  4 

.  1 

0 

.  9 

.  5 

.2 

; 

-■» 

.  2 

.6 

.6 

Mr 

.  6 

.8 

r 

•  yj 

.  i 

2.0 

- 

.  1 

n 

) 

1.3 

er" 

.  866  F 

1 . 732  F 

- 1 

-  1  8  b 

.  — - 

1 

U  n  c  er t ai n ty_o f  Wo_r  ki ng_  Inst rument  Thermocouple  #0 

Reference  Standard  Error  =  2.05°F 
Calibration  Error  2  €>  -  1.732°F 
Readabi I i ty  Error  *  . 1 °F 

Total  Uncertainty  =  2.05  +  1.732  +  .1  =  3.88°F 


I 


I 


a 


N 


!i 


»< 


i 

» 

- 

■N 

» 


RD-A152  248  INVESTIGATION  INTO  HVDRAULIC  GEAR  PUMP  EFFICIENCIES  3/3 

DURING  THE  FIRST  FEU.  <U>  MILHAUKEE  SCHOOL  OF 
ENGINEERING  UI  FLUID  POUER  INST  12  NOV  79 
UNCLASSIFIED  P/N-58560-PTS-1/2  DAAK70-77-C-0214  F/G  13/11  NL 


FLUID  POWER  INSTITUTE 
IILWAUKEC  SCHOOL  OF  CHOI  NEE  R I  N'T 


Onega  Iron  -  Constantan 
Thermocouple  Calibration 


PROJECT  NO.  d056C 


oat;; 

TECHNICIAN 


DESCRIPTION - - - — - - - 

Thermocouple  »1 

COMMENTS  Calibrated  with  10  ft.  extension  lead 


1  CM  9- 78 

J.O.M. 

D.G„ 


INSTRUMENTATION 

DAS  _ _ _ _ 

Thermometer  673650 


.  a rget 
Va  l  ue 


Tr  i  a  1 
#1 


Value 


49.1 

59.1 

CO 

.7 

79. 

.  1 

89. 

.0 

98. 

.4 

108. 

.9 

119 

129. 

2 

139. 

2 

149. 

2 

159. 

5 

169. 

3 

178. 

9 

189. 

4 

199. 

9 

205 

FLUID  POWER  INSTITUTE 
llLWAUKCC  SCHOOL  OF  ENGINEERIN'! 


L  ST  Omt-fja  Iron  -  Constantan 
Thormocoup le  Calibration 


PROJECT  NO.  50560 _ 

hat-  10-19-78 


r\ 


TECHNICIAN 


J.O.M. 


DESCRIPTION 


Thermocouple  »1 


COMMENTS  Absol  ute  Value  of  Deviation  from  the  Average 


INSTRUMENTATION 


1 . 848  i 


Uncertainty  of  Working  Instrument  Thermocouple  #1 

Reference  Standard  Error  =  2.05°F 
Calibration  Error  =  =  1.848°F 

Readability  Error  -  . 1°F 

Total  Uncertainty  =  2.05  +  1.848  +  .1  =  4.01 


S  ur  v  €  5  Ma<  lecil  =  3  3.  (?ec&(yecff~i3  Oe-clineJi  =~7 

Re&pon£e.^  l£ 

PUMP  BREAK-IN  PROCEDURE  SURVEY 
MS OF  FLUID  POWER  INSTITUTE 

*  Complete  and  return  by  16  Dec.,  1977  * 

Instructions : 

Please  circle  the  appropriate  response  to  the  following  questions  and/or  fill 
in  the  required  information .  Additional  data  is  requested  in  the  attached 
chart. 

1.0  Break-In  Procedure  General  A l  A-*  Q.»aSu>e.r 

1.1  Do  you  have  a  criterion  for  determining  the  point  at  which  a  pump 
is  satisfactorily  broken  in? 

(Yes)?  A/  A  I 

1.2  Is  your  procedure  based  on  developmental  or  laboratory  studies? 

©  *t  ©3  A/  A  I 

1.3  Has  your  procedure  evolved  over  time  and  experi ?nce  with  product? 

(3) 10  ©<2.  /V  A  I 

1.4  Was  your  procedure  arbitrarily  arrived  at? 

<E>H  <©?  AM  I 

1.5  Are  identic? 1  procedures  used  in  production  prior  to  product 
shipment  and  in  the  service  department? 

no  am  / 

1.6  Do  your  engineering  department  recomendati ons  or  laboratory 
test  procedures  differ  from  1.5  above? 

I  Cf®  II  A/  A  I 

2.0  Break-In  Procedure  Specifications 

2.1  Do  you  condi  ct  your  pump  break-in  at: 

Constant  pressure  ©/£  AM  I 

Constant  speed  ©3.  Veo^No  I 

Constant  toi  que  Yes  ©J3l  hi  A  I 

2.2  Do  you  have  contamination  sensitivity  test  results  on  your  pumps? 

©S'  <®7  AMI 

2.3  Do  you  have  different  break-in  procedures  for  different  gear  pump 
design  features  such  as  bearing  types,  bearing  mounts,  shaft  seal 
types,  and  pressure  loaded  wear  plates? 

QjP3  ©9  N  A  I 

If  yes,  how  many  different  break-in  procedures  do  you  use? 

-V-r^ - 


(.1  AK  PUMP  Bk :  At  !N  Pk.  ..LDlJkt 


'til’  <  •  «i  i  h  different  liriMk-in  pro<  edu  v  you  roc oninu  'ti  d  to  prepare  a 

Sen  pie  near  pump  for  one-time  qualification  test.) 

Product  Description: 

Special  Fluid: 

Con  f  .mil  mi  1 1  on  : 

Add  i  t  i  vos  ( I  u!>r  i  i  i  t  y  )  : 

Add  i  t.  i  vos  (  Abrds  i  on  )  : 

Water  Content.  I  inn  t : 


Procedure  (Describe  each  different  near  lump  break-in  procedure  you  use 
and  state  the  important  design  features  wii i «.  i  set  this  one 
apart  from  the  others-  Be  sure  to  include  information 
regarding  range  of  variable  conditions,  ie.  speed,  pressure, 
torque,  on  and  off  time,  and  total  elapsed  time  of  procedure. 
Use  extra  pages  if  needed.) 

For  a  summary  of  the  responses  to  this  section  .of  .the ..questionnaire. 

See  Section  2.2.2  page  84. . 
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'T 

3.0  Are  you  willing  to  submit  to  MSOE  an  oil  sample  from  your  break  in  test 
stand  for  contamination  particle  counting  and  water  content  in  exchange 
;  for  the  fluid  an  lysis  results  at  no  charge  to  you? 

:  (£e$>  ©  5"~ 


(If  you  check  yes,  we  will  send  you  a  clean  bottle.) 


4.0  The  research  program  consists  primarily  of  testing  tne  overall  efficiency 
of  18  hydraulic  q?ar  pumps  during  the  first  few  hours  of  the  pump's  lives, 
that  is,  during  tie  break-in  period.  A  uniform  break-in  procedure  will 
be  devised  based  jpon  the  results  of  this  survey.  Later,  selected 
manufacturers  will  be  asked  to  contribute  six  pumps  each  for  the  test 
program. 

Are  you  willing  to  participate  in  this  test  program  by  contributing  6 
identical  standard  production  gear  pumps  in  exchange  for  confidential 
test  results  at  no  charge?  The  data  generated  and  reported  will  be 
coded  to  maintain  confidentiality.  The  Arrr\y  will  receive  only 
statistical  summaries.  You  will,  however  be  credited  for  participating 
in  the  program. 

( SP7  ($&> 


MSOE  FLUID  POWER  INSTITUTE 
PUMP  BREAK-IN  PROCEDURE  SURVEY 


5.0  External  Gear  Pumn  Design  Features 


Needle  Bearings 

Roller  Bearings 

Hydrodynamic  Plain  Bearings 

T.F.E.  Plain  Bearings  Steel  Backed 

T.F.E.  Plain  Bean'ngs  Filament  Wound 

Resi 1 ient  Shaft  :  ?a 1 

Mechanical  Shaft  Seal 

Press  Fit  Bearing  Mount 

Self  Aligning  Bearing  Mount 

Pressure  Loaded  Wear  Plates 


3^ 

_3 _ 

O 

M— 

(o _ 

__o _ 


APPENDIX  G 

NEPAT3.9. 17R1  CALIBRATION  ANNEXES 


ANN  l  X  A 
I)r,i  ft 

14  '.]],!■ ,  ! 

ANNE  X  A 

A  GLOSSARY  OE  TERMS  IN  SUPPORT  Of  TESTING  IN  A  HYDRAULIC 
r L U I D  POWER  LABORATORY 

Purpose : 

ro  set  forth  those  terms  and  their  definitions  needed  to  understand 
the  technology  associated  with  accurate  measurement  of  the  physical 
variables  encountered  in  the  assessment  of  fluid  power  equipment. 

:  cone : 

d.  1  Includes  terms  used  for  understanding  calibration  of  i ns t rumen 

d .2  Includes  terms  used  for  understanding  measurement  of  physical 
variables  in  fluid  Dower  systems. 

Ref  erences : 


vs  ay:  x  : 

Ayjt? r 1 1  y  :  An  /  ;  -’rsoti  or  proa  r:  ’  z  i  ’  mi  or  :.»* r  t, , 
or  d  i  v  ! s  tap  o'  an  organ i  z a '  i on  w h  i <  r j  ma  i  n fa  i  ns 
sutiuor*  m  ■'  (?i..  i  >  r'd  s  tor  t.  ho  ;  >u  r  i  ■<;■,. »  <■<  •  •  r !  <■  j  t  a  >  j  i  r  i  ■  j 
the  following: 

A.  fa  !  i t  i or1  of  Reference  Standards 
R.  Ca  !  i  t)r.<  t  iun  of  Working  I  ns  ’  rumen f  s 
"•m'mrm  n-  Fluid  Power  Cgu  i  pmen ; 

Ca  !  i  brut  ion  :  The  process  of  compar  i  no  a  first  Reference  Standard 
to  a  second  Reference  Standard  or  Working  Instrument  Reference 
St.; nam'd  or  ’Working  Instrument. 

Calibration  Situation:  That  time  when  a  Working  Instrument  is 
Calibrated  igainst  a  Reference  Standard. 

Certi  *’>(  ate:  A  written  statement  by  a  Certified  Calibration 
Agency  that  a  calibration  has  been  carried  out.  in  accordance  with 
this  it.aridard. 

Certified  Ca i ; Oration:  The  process  of  comparing  a  Certified 
Reference  Standard  to  another  Reference  Standard  or  Working  In- 
s  t  rumen  f  end  providing  support  fog  documentation  in  i<  cordon' m 
with  'nil  standard. 

Cert i f i  *d  Calibration  Agency:  Any  Agency  which  maintains  Refer¬ 
ence  Standards  and  supporting  documentation  in  accordance  with 
this  standard. 


'  :  on  ,  ■  li-n.i  r '  m>  ui ' 
euu  i  ''men*  and 
in  any  or  all  '<* 


Cert  if icaf ion  lineage:  That  oath  which  traces  the  calibration  of 
an  instrument  to  the  Ultimate  Reference  Standard. 

Dummy  Calibration:  A  process  whereby  a  signal  to  a  transducer 
’$  simulated  .»’■->•_ tronica  1  l>  in  order  to  facilitate  the  return 
of  e 1 ec f ron : c  ;a:ns  to  the  levels  u. ed  during  Calibration.  Use 
of  Uumr:/  Calibration  is  not.  a  sutisf itute  for  Verification  or 
Ca I i ora  f i on . 

Lnvironmenta I  Factors:  Any  physical  variable  other  than  the  mea- 
surand  which  iff^c.ts  the  output  of  an  Instrument.  In  a  pressure 
transducer,  for  instance,  temperature  may  cause  a  span  or  zero 
,  h  i f  t ,  I  i  no  temperature  an  environmental  Factor  affecting  the 
:)■■■  o  s  u  r-- ■  measurement .  In  another  <  ase,  pressure  may  affect  a 
temperature  transducer ,  maMna  pressure  the  5  nvi ronmenta  I  factor . 

kr m"  T|ie  ■■  Pomted  uncerta  inty  .urrounding  a  given  measurement 
who  ■:  >  s  f  ib  i  :  sCi  the  boi  nd  i '  1  • "  ,  ■■  whi'ifi  the  *  rue  value  lies 

I  a  *  :  *  n  '  n--  I  rid  i  ca  t  -<J  V.I  a*  . 


■  >-r  r  ■  r.  *  r  i i.  .  ♦  i ;  :  A'  >  ■’  •  •  ••  •  *  •  ;-.r  a  "Mur1  f  of  ,■«  a  '  nty 

wh:  .  s  s  'T  *  r  ’  p,  • ..  ,  *  . ,  *  >  .  m.‘  i  >  ,  i  u  v.rihu' ab!  r  to  a 

,  ’  fVJ  '  ►  »  •'  r  ;  -  • '  r  .  j  j .  :  : v'.  • ' 
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3. 1.1.4  Calculate  the  Readabi  1  i  ty  Error  for  the 
Readout  Device  with  tne  Formula: 

Cr  Value  of  the  Smallest  Scale  Division 
L  [kF1  x  RF.  +  2.0] 

I  C 

3.1.2  The  overall  Readability  Factor  for  a  Readout  Device  having 

a  moving  column,  such  as  is  the  case  with  a  liquid  manometer, 
shall  be  calculated  using- 

n,  2x  Value  of  the  Smallest  Scale  Division 

Sl'  -  '  RF1  •  2.0  . . 

Woe  re  RF^  is  detenu  i  ned  as  in  clause  3. 1.1. 2 

3.L  Digital  Readout  Devices 

3.2.1  The  Readability  Frror  shall  be  calculated  using  the 
formula : 

RE  =  Smallest  Change  in  the  Least  Sionificant  Digit 

3. 2. 1.1  Tare  into  account  the  fact  that  by  design,  the 
least  significant  digit  in  some  Digital  Readout 
Devices  does  not  have  10  discreet  integer  levels. 

Use  the  value  of  the  smallest  integer  change 
possible  for  the  particular  readout. 


4.0  Readout  Device  Labels 

4.1  Enter  the  overall  Readability  Error,  as  determined  in  clause 

3. 1.1. 3,  3  1.2  or  clause  3.1.1,  into  the  Readout  Device's  Label. 
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ANNEX  D 

RECOMMEND  P.OCEDURE  FOR  EVALUATING  RE ADA R I  LI LY 
ERROR OF _ READOUT  DEVICES  USED  IN  FL1  ID  POWER  TESTING 

1.0  Purpose:  To  set  forth  the  procedure  for  determining  the  amount  of  error 

contributed  because  of  the  inability  to  assign  an  unlimited  number  of  digits 
to  the  indicated  value  of  a  measured  quantity. 

2.0  Scope: 

2.1  Includes  both  analog  and  digital  Readout  Devices. 

3.0  Evaluation  of  Readability  Error  Factor. 

3.1  Analog  Readout  Devices 

3.1.1  The  Readability  Error  (RE)  for  a  Readout  Device 

equipped  with  a  pointer  shall  be  calculated  using: 

Dr  _  Value  of  the  Smallest  Scale  Division 

KL  TRF.  x  RF?  -  2.0] 

Where  RF^  .and  RF9  are  determined  from  properties  of  the  Readout 
Device  as  fol lows : 

3. 1.1.1  The  Readout  Device  shall  be  equipped  with  a 
parallax  error  minimi  zing  feature. 

3. 1.1. 2  Determine  within  1  OX ,  the  width  of  the  smallest 
scale  division  in  mm  (W) 

Calculate  RF ^  with  the  formula: 


RF, 

=  3(1  -  £  -  1  .1W) 

w 

>  0.5  mm 

RF, 

=  0.0 

w 

*  0 . 5  mm 

3. 1.1. 3  Estimate  the  width  or  the  pointer  to  the 

nearest  0.25  mn  in  the  reuion  on  the  pointer 
where  the  readme  is  interpreted.  Divide 
the  width  of  the  smallest  scale  division  found 
in  3.1.?.?  by  the  pointer  width  to  form  the  ratio,  a. 

Calculate  RF^  with  the  formula: 

RF?  -  1  -  „  ,  -i.o 

RF?  = 


0 


a  <  1.0 


1  1  , 
t  ,  4 

1  1 


3  Evaluate  the  ^oet  fit  ients  in  the  Mu  themu  1 n  a  1  M -dr  .  in-; 
least  squares  fitting  rsethods  upp  1  ied  to  a  1  1  da?  a  *  at.*n 
from  cal  i oration  in  accordance  with  Annex  C. 

A  Calculate  the  difference  between  the  Indicated  Value  and 
the  value  predicted  by  the  derived  mathematical  model  of 
all  trials  at  each  Reference  Value  by: 

Indicated  Value  -  Predicted  Value 

5  Calculate  the  standard  deviation  of  all  values  found  in  8.4 
over  the  total  range  of  Reference  Values. 

6  Multiply  the  standard  deviation  by  two  for  a  cun*  ,d>-uce  level 
of  95  .  Enter  this  as  the  Calibration  F rror  on  the  w'ori  in:; 
Instrument's  label . 

7  Implement  the  Mathematical  Model  by  substituting  the  Indi¬ 
cated  Values  and  values  of  the  Environmental  Factors  measured 
during  the  Measurement  Situation  into  the  formula.  That  re¬ 
sult  is  the  estimate  of  the  actual  value  at  measurement  time. 
Its  Calibration  Error  is  the  rsourit  recorded  in  clause  8.6. 
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Note:  If  the  average  Indicated  Value  deviates  from 

its  corresponding  fb.-f erence  Value  hy  1  or  less, 
the  Reference  value  nay  he  substituted  f  or  the 
average  Indicated  Value  with  r  i  n  in.a  i  adver  st* 
ef  f  et  t . 

7.?. 5.1  In  the  Measurement  Situation,  enter  each  In¬ 
dicated  Value  into  the  ordinate  and  read  the 
best  estimate  of  the  actual  value  from  the 
abscissa. 

7.?. 5. 2  Assume  linear  i nterpol a t ion  between  discreet 
data  entries. 

7.?.  5. 3  Take  Fnv  i  ronmenta  1  Factors  into  account  by: 

A.  An  alternate  mathematical  model  which 
included  their  effects. 

B.  Using  instruments  which  have  insignifi¬ 
cant  influence  by  F.nv  i  ronmenta  I  factors. 

C.  Controlling  F.nv  i  ronmenta  1  factors  during 
the  Measurement  Situation  to  be  insigni¬ 
ficant  agreement  with  their  values  during 
cal i brat  ion. 

8.0  Fourth  Order  Mathematical  Model: 

8.1  A  Fourth  Order  Mathematical  Model  accomodates  complex  mathe¬ 
matical  functions  which  relate  the  actual  value  to  the  Indi¬ 
cated  Value  and  any  influencing  Fnvi ronmenta 1  Factors.  It 
has  no  specific  general  form. 

8.2  Determine  the  general  form  of  the  mathematical  relationship 
using  any  one  or  combination  of  the  following  means: 

8.2.1  Use  accepted  theories. 

8.2.2  Use  empirical  data  as  determined  during  controlled 
experiments  on  the  instrument. 

9.8.3  Use  manufacturer's  data,  such  as,  for  instance,  zero 
shift  due  to  temperature,  or  span  shift  due  to  viscos¬ 
ity,  etc. 

P.9.4  Ignore  ! nvirun::vntal  factors  when  they  are  brought  into 
suf  f ic ien*  agreement  in  the  Measurement  Si tuat ion  with 
the  values  that  existed  during  the  Ca I ibrat ion  Situation. 

8.2.5  Ignore  E  »vu  •iP'-or*g!  1  tOrS  which  are  l  nown  to  h.(  ve  a” 
i  risi  gn  ;  f  i  can*  1  r‘  1  sm1'."  upon  ■  h*-  Indicated  Va  1  we . 
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6.3  Evaluate  b0,  b^  and  a-j  using  linear  regression  on  all  data 
from  all  trials  of  calibration  as  conducted  in  Annex  C. 

6.4  Calculate  the  difference  between  the  Indicated  Value  and 
the  value  predicted  by  the  derived  mathematical  model  of  all 
trials  at  each  Reference  Value  by: 

Indicated  Value  -  Predicted  Value 

6.5  Calculate  the  standard  deviation  of  all  values  found  in  6.4 
over  the  total  range  of  Reference  Values. 

6.6  Multiply  the  standard  deviation  by  two  for  a  confidence  level 
of  95*.  Enter  this  as  the  Calibration  Error  on  the  Working 
Instrument's  label. 

6.7  Implement  the  Mathematical  Model  by  substituting  the  Indicated 
Values  and  values  of  the  Environmental  Factors  measured  during 
the  Measurement  Situation  into  the  formula.  That  result  is  the 
estimate  of  the  actual  value  at  measurement  time.  Its  Calibra¬ 
tion  Error  is  the  amount  recorded  in  clause  6.6. 

Third  Order  Mathematical  Model: 

7.1  A  Third  Order  Mathema*.  > c a  1  Model  makes  use  of  a  point-to-point 
correction  under  the  assumption  that  corrections  are  linear 
when  Indicated  Values  taken  in  the  Measurement  Situation  lie 
between  data  points  used  during  the  Calibration  Situation. 

7 .  2  Evaluate  the  Calibration  Error 

7.2.1  Eor  each  Reference  Value:  Calculate  the  average  Indi¬ 
cated  Value  of  all  the  trials  at  each  Reference  Value. 

7.2.2  Calculate  the  difference  between  the  indicated  value 

and  the  average  indicated  Value  of  all  the  trials  at  each 
Reference  value  by:  Indicated  Value  -  Average  Indicated 
Value. 

7.2.3  Calculate  the  standard  deviation  of  a_lj_  values  found 
in  7.2.2  over  the  total  range  of  Reference  values. 

7.2.4  Multiply  the  standard  deviation  by  two  for  a  confidence 
level  of  95t.  Enter  this  as  the  calibration  error  on 
the  working  instrument's  label. 

7.2.5  Implement  the  Mathematical  Model  by  constructing  a  graph 
of  the  average  Indicated  Values  found  in  clause  7.2.1 
(as  averaged  over  all  the  trials  for  each  Referenced 
Value)  vs.  the  Reference  Values. 
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5.2  Evaluate  the  Calibration  Error 


5.3.1  Use  the  Calibration  data  as  recorded  using  Annex  B. 

5.3.2  Calculate  the  difference  between  the  Indicated  Value 
and  the  Reference  Value  of  the  five  trials  at  each 
Reference  Value  by:  Indicated  Value  -  Reference  Value. 

5.2.3  Calculate  the  standard  deviation  of  a_lj_  values  found 
in  5.2.2  over  the  total  range  of  Reference  Values. 

5.2.4  Multiply  the  standard  deviation  by  two  for  a  confi¬ 
dence  level  of  95%.  Enter  this  as  the  Calibration 
Error  on  the  Working  Instrument's  label. 

5.2.5  Implement  the  Model  by  using  as  indicated  on  the  Read¬ 
out  Device. 

6.0  Second  Order  Mathematical  Model: 


6.1  A  Second  Order  Mathematical  Model  assumes  that  the  Indicated 
Value  is  related  to  the  actual  value  of  a  physical  variable 
and  any  influencing  Environmental  Factors  through  a  formula 
of  the  form: 


Actual  Value 


b^  x  (Indicated  Value) 


i  -  1 


where  E^  is  one  of  n  influencing  Environmental  Factors,  f(E|)  is 
the  functional  manner  in  which  E-j  affects  the  measurement  of  the 
actual  value  and  ai  is  a  linear  coefficient  which  affects  the1  de¬ 
gree  of  effect. 


6.2  Determine  f(E-)  by  any  one  or  combination  of  the  following  methods: 
6.2.1  Use  acceptable  theories. 


6.2.2  Use  empirical  data  as  measured  during  controlled  experi¬ 
ments  during  Working  Instrument  Calibration. 

6.2.3  Use  manufacturer ' s  data,  such  as,  for  instance,  zero  shift 
due  to  temperature,  or  span  shift  due  to  viscosity,  etc. 

6.2.4  Ignore  Environmental  Factors  when  they  are  brought  into 
sufficient  agreement  in  the  Measurement  Situation  with 
the  values  that  existed  during  the  Calibration  Situation. 

6.2.5  Ignore  Environmental  Factors  which  are  known  to  have  an 
insignificant  influence  upon  the  Indicated  Value. 


A  Vi:  X  C 
Draft  »3 
13  June,  13/9 

ANNEX  C 

RECOMMENDED  METHOD  FOR  [j[  TF-RMINING  AN  INSTRUMENT'S  CAN  BRA!  I  ON 
ERROR  THROUGH  DEVELOPMENT  OE  A  SUITABLE  MATHEMATICAL  MODEL 


1 . 0  Purpose : 

1.1  To  set  forth  the  procedures  for  driving  mathematical  models 
of  a  Working  Instrument  and,  when  applicable,  to  evaluate 
effects  of  Environmental  Factors. 

1.?  To  determine  the  Calibration  Error  of  a  Working  Instrument. 

1.3  To  set  forth  procedures  which  can  be  used  to  bring  an  instru¬ 
ment's  Calibration  Error  to  approach  its  limit  of  non-repeat¬ 
ability. 

1.4  To  determine  the  value  of  Calibration  Error  to  be  entered  on 
the  Instrument's  Label. 

0  Scope: 

2.1  To  include  four  different  models. 

<■’.?  To  include  methods  of  dealing  with  Environmental  Factors. 

Definitions: 

3.  1  Refer  to  Annex  A. 

3.L  All  terms  used  in  this  Standard  which  are  capitalized  are 
defined  in  Annex  A. 

■Genera  1  Procedures  : 

4.1  Select  a  suitable  Mathematical  Model  from  one  of  the  four  in 
clauses  5.0,  6.0,  7.0,  or  8.0  (Note:  The  amount  of  Calibra¬ 
tion  Error  in  most  Instruments  will  depend  upon  the  Model 

'■  letf-'d.  Higher  order  Models  will  yield  smaller  errors). 

■’.?  Evaluate  the  Model  in  accordance  with  the  applicable  clauses. 

4.3  Fnter  the  Calibration  Error,  as  evaluated  in  the  applicable 
clause,  on  the  Instrument's  l.abel  . 

1  ’  r  ,t  Order  “•*  ithemat  ic a  I  Model: 

:  .  1  A  first.  Order  Ma  th'-na  t  i  ca  1  Model  mates  direct  use  of  the 
rd”  ‘ .1 5 :  j  •  >  ,)*  ,<  Readout  Devve  without,  resorting  to 
a'  v  .  i  r»  ..  •  ’'ins.  The  In'  trs,"  -rt  aci  t-Vadaut  Device  are 
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f  HI  QUi.NCY  OF  CALIBRATION  -  WORKING  INS  TI-:  UMLN  I S 


i  r  i  ah  le/Typt*  of  Working  Instrument  Frequency  of  Cal  ib rat  ion 

HiR.Jilt. : 

Strain  Gaqe . 24  Months 

Calibrated  Motor . 12  Months 

Cradled  Dynometer . 10  Months 


f’Rf  SSURE  ■ 

A1 1  Types . 12  Months 


FLOW: 

All  Types . 12  Months 


SPEED: 

'•  Mechanical  Tachometers .  6  Months 

DC  Electrical  Generaters .  6  Months 

Electronical  Digital  Frequency  Meters .  2  Months 

Other  Types .  6  Months 

]Q  0#  TEMPERATURE: 

All  Types . 12  Months 

■  ; FRCE : 

Dead  Weights . 10  Years 

Balance  Scales .  6  Months 

Load  Cells .  6  Months 

.  0 the r  Types .  6  Months 


DISTANCE : 
Guage  Blocks, 

Tapes . 

Mi  crometers .  . 


2  Years 
5  Years 
2  Months 


1  • 

f 


TIME: 

All  Types 


2  Months 


TABLE  1 
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f  RE  QUt  NCY  OF  C A1  I  BRAl  1  ON  -  KIH'KFNU  S T ‘‘."’A A[)S 

Var  i  alii  e/Type  of  Standard  f  rcyumry  of  (  a  1  i  Or  ,i \  i  on 

T  O'-’QUE! : 

Strain  Gage . Every  four  years 

Force  and  Distance . Every  five  years 


PRESSURE: 

Master  Guages . 

Dead  Weight  Testers 

Strain  Gage . 

Other  Transducers . . 
L  i  qu  i  d  Kan  o'’  eters  .  . 


Every  two  years 

Every  ten  years 

Every  two  years 

Every  two  years 

liquid  properties  every  five 

years  height  every  TO  years 


FLOW: 

Positive  Displacement  Reference  Meters . EVery  five  years 

Turbine  Reference  Meters . EVfcry  two  years 

VoTire  and  Time  Provers . Every  ten  years 

Wo i giit  and  Time  Provers . Every  ten  years 


ETe-tronic  Digital  Frequency  Meters . Every  year 

Stroboscopes . Each  use 

Reference  Tachometer . Every  two  years 


TEMPERATURE: 
Mercury  in  Glass 
T !,••■•  >t ,-v  ouple .... 

::  '  t  d  1 . 

G-.is  filled . 


Every-  f i ve  years 
Every  year 
Each  Use 
Each  Use 


FORCE: 

Druid  Weights.. 
I  n.ri  Gel  Is.... 
Pa ’ an-  e  Scales 


Every  ten  years 
Every  two  years 
Every  year 


Coign  Blocks . Every  ten  years 

Ta:i“S . Every  ten  years 

Mi  ci  ureters . Every  two  years 

TIME1 

Electronic  Digital  Timers . Every  year 

Ch-u>unmete»-s ,  Mechanical . Every  six  months 

fh-o’  'voters,  Electro-Mechanical . Every  year 
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7.1.5  Workinq  Instrument  I  fieri  1 i  f  i  ca  1 i  on 

7.1.b  Identification  of  the  person  r  •onr.i  ble  for  (he  Cal  ib  ration 
of  the  Workinq  Instrument. 

7./  filter  the  date  of  the  next  required  calibration  on  the  Label  in  the 
appropriate  place. 

7.3  Enter  the  Total  Error  of  the  Reference  Standard  on  the  Label  in  the 
appropriate  place. 

7.3.1  If  the  Total  Error  is  stated  m  terms  of  the  Maximum  or  full- 
scale  value,  use  that  value. 

7.3.?  If  the  Total  Error  is  stated  in  terms  of  the  Indicated  Vali,r 
(Reading),  use  a  value  determined  from  that  and  the  full- 
scale  value  of  the  Workinq  Instrument  beinn  calibrated. 

7.4  Affix  the  Label  to  the  Instrument's  Readout  Device  in  a  manner 
which  will  discourage  its  inadvertent  removal  and  yet  will  riot 
interfere  with  reading. 

R.O  Propose  a  Mathematical  Model  of  the  Working  Instrument  in  accordance  with 
Annex  l  .%  r . 
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6.1.3  Collect  calibration  d.ita. 

6. 1.3.1  CoucU’  th»-  Work  inn  Instrument  to  the  Reference 
St  .uulard . 

6. 1.3. 2  For  Work  i  in]  Instruments  which  are  subject  to 
hysteresis  effects  due  to,  for  instance, 
material  character i s t its  or  static  friction, 
carry  out  the  calibration  for  both  increasing 
and  decreasing  Reference  Values. 

6. 1.3. 3  Take  advantage  of  any  correction  charts  or 
mathematical  models  which  may  have  resulted 
from  Calibration  of  the  Reference  Standard 
which  are  needed  to  confine  the  Reference 
Standard's  Total  Error  to  the  Certified  amount. 

6. 1.3. 4  Make  corrections  to  the  Reference  Values  for 
any  other  Systematic  Errors  when  the  relationships 
with  other  physical  variables  are  known  and  the 
physical  variables  themselves  are  known  (measured) 
at  the  time  of  Working  Instrument  Calibration  and 
if  the  effects  of  the  Systematic  Errors  will  other¬ 
wise  be  significant. 

6. 1 . 3. 5  Record  data  : 

A.  Reference  value,  after  any  corrections  as  may 
be  applicable  from  the  two  previous  clauses. 

B.  Indicated  Value  from  the  Working  Instrument. 

6. 1.3. 6  Repeat  6. 1.3. 5  for  at  least  five  trials  and  use 
at  least  10  calibration  points  for  each.  Use  the 
same  set  of  Reference  values  during  each  trial. 

6. 1.3. 7  'Make  note  of  anything  unusual  about  the  physical 
appearance  of  the  instrument. 

6. 1.3. 8  Sign  the  calibration  data  sheets  and  place  them 
into  a  safe,  permanent  file.  This  record  is  the 
Working  Instrument's  Certificate. 

7.0  Instrument  Label 

7.1  Prepare  a  Label  for  the  Instrument  which  will  identify  and  have  room 

for  the  following  data: 

7.1.1  Date  of  the  next  scheduled  Calibration  as  required  in  Table  2 
of  this  Annex  in  order  to  remain  in  Certification. 

7.1.2  Total  Error  of  the  Reference  Standard  used  in  Calibrating  the 
Working  Instrument. 

7.1.3  Calibration  Error  of  the  Working  Instrument  as  determined  after 
development  of  a  Mathematical  Model  in  accordance  with  Annex  D. 

7.1.4  Readability  Error  as  determined  in  accordance  with  Annex  E. 
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ANNEX  B 

RECOMMENDED  METHOD  FOR_  CAL  IBRATQNG  WORK I_NG_i NS7IUJMEN7S  FORJJSE  IN 

TESTING  FLU 1 D  POWER  EQUIPMENT 

1.0  Purpose:  To  set  forth  the  calibration  procedures  of  Working  Instruments 
used  in  fluid  power  measurements. 

2.0  Scope: 

2.1  To  include  requirements  of  Reference  Standards. 

2.2  To  include  requirements  of  Working  Instruments. 

2.3  To  include  procedures  for  calibrating  Working  Instruments. 

2.4  To  include  the  requirements  of  the  Working  Instrument's  Label. 

3.0  Definitions: 

3.1  Refer  to  Annex  A 

3.2  All  terms  used  in  this  standard  which  are  capitalized  are  defined 
in  Annex  A.  . 

4.0  General  Procedures 

4.1  Select  a  Reference  Standard  per  clause  5.0. 

4.2  Calibrate  the  Working  Instrument  per  clause  6.0. 

4.3  Prepare  an  Instrument  Label  per  clause  7.0. 

5.0  Select  a  Reference  Standard: 

5.1  Which  is  certified  to  have  been,  itself,  traceably  calibrated  within 
the  intervals  given  in  Table  1. 

5.2  Which  is  free  of  physical  damage  except  as  noted  on  its  certificate. 

5.3  Which  has  had  its  total  error  evaluated  and  certified. 

5.4  Mount  the  Reference  Standard  in  an  attitude  indicated  on  its 
Certificate,  or  in  that  attitude  recommended  by  its  manufacturer. 

6.0  Calibrate  the  Working  Instrument  at  the  applicable  frequency  given  in 
Table  2. 

6.1  Select  a  Working  Instrument  which  is  free  from  physical  damage. 

6.1.1  Mount  the  Working  Instrument  in  an  attitude  recommended  by 

the  manufacturer  or  in  an  attitude  expected  In  the  Measurement 
s i tua t ion . 

6.1.2  Make  zero  value  checks  with  the  Working  Instrument  physically 
uncoupled  from  any  possible  loading  effects. 
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4.29  Snubber:  A  hydraulic  restriction  deliberately  blared  between  the 
source  of  pressure  to  be  measured  and  the  pressure  transducer  for  the 
purpose  of  damping  pressure  pulsations. 

4.30  Static  Pressure:  That  pressure  in  a  line  which  does  not  include 
effects  due  to  fluid  momentum. 

4.31  Steady-State:  An  operating  condition  in  a  hydraulic  system 

which  is  characterized  by  the  fact  that 

Jr,  -*  J&rt 

and  where  and  t2  are  arbitrary  and  k  is  an  integermul tiple  of 
the  period  of  the  fundamental  frequency  of  the  pulsation. 

4.32  Symmetry  Test:  A  test  conducted  on  a  Snubber  for  the  purpose  of 
determining  the  extent  to  which  its  reverse  pressure- f 1 ow 
characteristic  agrees  with  its  forward  pressure-flow  character¬ 
istic  for  the  further  purpose  of  assessing  its  Error  Contribution. 

See  Section  9  for  details. 

4.33  Systematic  Error:  A  repeatable  error  which  is  caused  by  a  physical 
phenomenon  which,  if  sufficient  experimental  evidence  exists,  can 
be  el imi nated . 

4.34  Testing  Agency:  Any  Agency  which  conducts  tests  on  fluid  Power 
Equipment. 

4.3S  Total  Error:  The  total  estimated  uncertainty  in  the  value  of  a 
measured  quanti ty  caused  by  the  combined  effect  of  all  Error 
Contributing  phenomena. 

4.36  Verification,  Working  Instrument:  An  abbreviated  calibration 
procedure  carried  out  at  specified  intervals  between  Certified 
Cal ibrations . 

4.37  Worki ng  Instrument :  A  measuring  system,  which  includes  interconnecting 
linkages,  any  necessary  signal  conditioning  and  signal  processing  and 
the  readout  device,  which  is  used  by  the  Testing  Agency  while  conducting 
tests  on  Fluid  Power  Equipment. 
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4.14  Mathematical  Model:  A  graph,  chart  or  equation  which  relates  the 
indicated  Value  to  the  value  of  the  measurand. 

4.15  Measurement  Situation:  That  time  when  a  Testing  Agency 
incorporates  Working  Instruments  in  the  testing  of  fluid  power 
components  and/or  systems. 

4.16  Physical  Standards  Laboratory:  That  agency  which  is  recognised 
by  a  national  government  as  capable  of  maintaining  Ultimate 
Reference  Standards. 

4.17  Pressure  Measurement  System:  All  those  devices  which  are 
interconnected  between  the  system,  the  pressure  of  which 
is  to  me  measured,  and  the  final  readout  device. 

4.18  Pressure  Transducer:  Any  device  which  senses  fluid  pressure  and 
converts  it  to  an  electrical  signal. 

4.19  Random  Error:  An  error  which  has  no  known  physical  cause  and  is 
completely  unpredictable  except  within  some  bounds. 

4.20  Readabi 1 i ty:  A  generic  term  used  to  describe  the  ability  of  a 
human  observer  to  assign  a  digital  quantity  to  the  value  displayed 
on  a  Readout  Device. 

4.21  Readability  Error:  The  error  caused  by  the  inability  to  assign  an 
unlimited  number  of  digits  to  the  output  of  an  instrument. 

4.22  Readout  Device:  That  mechanism  which  ultimately  displays  the 
value  of  a  physical  variable  within  a  system  in  a  form  upon  which 
logical  decisions  can  be  made. 

4.23  ReferenceStandard:  A  measuring  system  which  is  used  only  to 
calibrate  ItheFIneasuri ng  devices  and/or  systems. 

4.24  Reference  Standard,  Intermediate:  A  Reference  Standard  maintained 
by  any  person  or  organization"  other  than  the  Physical  Standards 
Laboratory  and  which  has  been  certified  in  accordance  with  this 
standard. 

4.25  Reference  Standard,  Laboratory:  A  Reference  Standard  which  is 
permitted  between  the  Ultimate  and/or  Intermbdiate  References  in 
certain  special  cases,  criteria  for  which  are  contained  in  this 
standard . 

4.26  Reference  Standard,  Ultimate:  That  Reference  Standard  maintained 
by  the  Physical  Standards  Laboratory.  The  most  authori tati ve 
Reference  Standard  in  a  given  country. 

4-27  Reference  Value:  The  best  estimate  of  the  actual  value  of  a  physical 
variable  experienced  by  an  instrument  during  its  calibration,  taking 
into  account  corrections  in  fluid  column  height  and  calibration 
corrections  for  the  Reference  Standard.  It  should  not  be  confused  with 
the  true  value  which  can  never  be  known  exactly. 

4.28  Second  Order  Error:  The  error  induced  in  the  determination  of  a 

measured  quantity  caused  by  a  measurement  error  in  an  Environmental 
Factor  which  is  going  to  be  used  to  make  a  correction  to  the  basic 
measured  quantity. 
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(This  Foreword  is  not  part  ot  Anna  ,10  .  ,  i  :  o.-i.u  d  of 

Testing  and  Presenting  Basic  Perloi  mam-.  I ».  a  i  'ositi  vr  Displace¬ 
ment  Hydraulic  Fluid  Power  Pump?  and  V'J  ...  ,  \ d  /  B"0  27  -  U'7  > .  ) 

In  1964,  producers  and  users  of  hvdra uiic  l.  n  :  i  w-  -  ■. •  •• 

expressed  the  need  [or  more  meaningful,  o  t  n*  md  aceur.de  . . 

for  determining  and  expressm  ;  component  j »<••’<>  •  a-  m.  <*  .  ■  p.d>.' 1  u  e- . .  I  i  < 
only  existing  standards  were  limited  m  ;  •  .  uup->in  uts  u  a-d  -  >idy  os 

mobile  equipment.  Upon  request  to  the  N  l  l  O  ‘i-uu<  al  Bo  mi,  pro|e<  « 
were  authorized  and  assigned  to  the  NFPA  ! '.  >u  •  Mot -r  S<*.  mom 

At  the  outset,  work  was  divided  ir-->  two  ;>.>  0  \!-Ti  ■  1  >•  '1  a  m<: 

Methods  of  Rating".  Drafting  of  the  infer  t  ' •  ■  •  :'<>  emeu's  m 

at  a  somewhat  parallel  pace.  Ora!  *  mg  was  -  -  ma’.-t.  . .  m  !  it'-  I  .  TO 

separate  documents  were  sinmlta  neousl  v  sun .  <1  to  gen  -rii  mdu  1  t~. 

review.  Separate  review  and  modification  n:  >■.  until  V'1,  who 

it  was  agreed  that  the  documents  diou'd  b<-  ■■  -  •  ' (  .  •m'.-n.  d.  '1" 

laeditate  international  acceptance,  the  iv.  ...  •  i  a!s>  -n  n-.-i<-n  •<. 
incorporate,  wherever  possible,  material  : e  -  d  ■ , ng  1 .  oin  Intel cationT 
*  .mdardi  .-.ation  actions.  Also,  tin-  basic  r-  i.  at  Oklahoma  Stat«- 

University  and  the  standards  actions  of  the  Sue  i < * t  %  of  Automotive 
Kngineers  and  the  British  Standards  Institute  w<  ti  w  be  taken  m'u  account . 

The  combined  and  revised  draft  was  completed  on  28  November  l'>70.  It 
was  circulated  for  comments  and  improved  durmg  the  15  December  meetup 
Balloting  was  undertaken  on  1H  December  P'Vh. 

The  ballot,  which  closed  on  1  r>  January  1971,  ;  .  •■onebuled  suet  essful’y 

thru  editorial  clarifications.  One  clan  fit  il:->i  :iot«-w  orth;,  'he  original 
*est  ror  structural  integrity  called  h  >r  a  to  ■='  .d  11.  percent  of  m.timfmtup"' 
maximum  rated  output  pressure,  it  is  now  MS  ren  ol  MAOl  ’  huaxinu:". 
allowable  operating  pressure). 

On  20  January  1971,  the  Technical  Board  judge  1  -'n*  all  negative  baTots 
:.d  <  >  immeiits  had  been  resolved  -  md  r<  •  <>  .  en  Jed  nppr  -va’.  Appruv  • ' 
ts  :m  NFPA  Recommended  Standard  was  i  i  .mi*  !  i>\  me  Boar-  >l  Du 
'•n  21  Jar.tiary  l  9"  l .  Editorial  action  was  i-m- -met  d  m  8  I  A  ugu-;t  '-’/l 

vlernhers  of  the  NFPA  Proj-r'  ( I'mun  Uiat  pn-pa  l  ed  Hus  standard  are  n*T  . 
on  page  J. 

On  20  December  197  1,  the  NFPA  Reconniteiiue  !  Standard  was  submitted  to 
A  NT!  Standards  g  BT?  o,r  .ji-omu  lgat  a  a  i  as  an  ANSI  Standard, 

f  avorable  ballot  was  emu  luded  on  J6  F"i)n:.i  <  v  1  '>'!?.  Auprnva '  b-.  the 
A  NS  [  Board  of  Standards  Review  wn  ;  grant*  d  >:  7  v’urch  l'1. 
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METHOD  OF  TESTING  AND  PRESENTING  BASIC  PERFORMANCE  DATA  FOR 
POSITIVE  DISPLACEMENT  HYDRAULIC  FLUID  POWER  PUMPS 

INTRODUCTION 


In  hydraulic  fluid  power  systems,  power  is  transmitted  and  controlled  thru  a 
liquid  under  pressure  within  an  enclosed  circuit.  Pumps  are  components  which 
convert  rotary  mechanical  power  Into  fluid  power. 

With  very  few  exceptions,  all  fluid  power  pumps  are  of  the  positive  displacement 
type.  That  is,  they  have  internal  sealing  means  which  makes  them  capable  of 
maintaining  a  relatively  constant  ratio  between  rotational  speed  and  fluid  flow 
over  wide  pressure  ranges.  They  generally  utilize  gears,  vanes,  or  pistons. 
Non-positive  displacement  pumps,  such  as  centrifugal  or  turbine  types,  are  seldom 
associated  with  fluid  power  systems. 

Pumps  are  available  either  as  "fixed"  or  "variable"  displacement  types.  Fixed 
displacement  pumps  have  pre-selected  internal  geometries  which  maintain  a  constant, 
volume  of  liquid  passing  thru  the  pump  per  revolution  of  the  pump's  shaft. 

Variable  displacement  pumps  have  means  for  changing  the  internal  geometries  so 
that  the  volume  of  liquid  passing  thru  the  pump  per  revolution  of  the  pump's 
shaft  can  be  changed. 

1 .  SCOPE 

To  include  basic  methods  of  test,  and  methods  for  presenting  the  following 
performance  data  for  rotary  positive  displacement  hydraulic  fluid  power 
pumps  used  in  industrial,  mobile,  and  marine  applications: 


1 . 1  Pumps 

1.1.1 

Volumetric  displacement 

1.1.2 

Output  flow 

1.1.3 

Power  input 

1.1.4 

Overal 1  efficiency 

1.1.5 

Fluid  inlet  pressure  requirements 

1.1.6 

Volumetric  efficiency 

’  .  1 .  7 

Mechanical  efficiency 

1  's  r'ecorrmended  standard  also  applies  to  variable  displacement  pumps  when 
r  -sted  under  f;xed  displacement  conditions. 

I-'  addition  to  the  basic  requirements  of  this  recommended  standard,  other 
Performance  Information  may  be  necessary  to  accommodate  individual  application 
requ i rements . 

.  Exc'uries  pumps  w-’ch  contain  integral  valving.  (7) 
i  Method  of  test  apc’les  only  to  the  laboratory ,  not  the  production 

;  -  f  ■  ■  ■  1  il  1  *■  ’.if  I  ir  J  ’  'WM 
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2.  PURPOSE 

To  provide  a  uniform  and  accurate  means  for  determining  and  expressing  pump 
performance  capabilities  in  a  standard  form;  to  guide  the  establishment  of 
meaningful  ratings;  and  to  aid  in  accomplishing  optimum  component  application. 

3.  TERMS 

(For  definition  of  terms  not  herein  defined,  see  Reference  No.  1) 

3.1  Test  Parameter:  Any  one  of  several  physical  quantities  which  are 
used  to  assess  the  performance  of  a  pump  but  which  are  controlled  at 
predetermined  values  throughout  the  course  of  a  test.  Synonym: 

Independent  Variable,  Controlled  Variable. 

3.2  Target  Value:  A  predetermined  value  for  a  particular  Test  Parameter. 

The  test  procedure  requires  the  setting  in  of  the  Test  Parameters  at 
values  which  are  very  near  the  predetermined  values. 

3.3  Observation :  A  record  of  all  measured  data,  both  dependent  and  independent 
variables,  at  any  one  combination  of  Parameter  Values  (Target  Values). 

3.4  Base  Operating  Condition:  A  specific  operating  point  during  which  time 
all  Test  Parameters  are  set  to  their  rated  values  as  recommended 

by  the  pump's  manufacturer. 

4.  GRAPHIC  SYMBOLS 

~  Graphic  symbols  used  herein  are  in  accordance  with  References  No.  2,  3,  and  4. 

WJ  Where  References  No.  3  and  4  are  not  in  agreement  with  No.  2,  Reference  No. 

2  governs. 
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5.  LITERAL  SYMBOLS 

5.1  Physical  Quantity  Symbols 


Symbol 

Meaning 

US  Uni ts  of  Measure 

SI  Units  of  Measure 

Steady  State 

Transient 

Q 

q 

Flow 

Ga 1 1 ons  per  mi nute 

Liter  per  minute 

H 

h 

Ef f 1c i ency 

percent 

percent 

T 

t 

Torque 

1 bs  -  in 

newton-meter 

P 

P 

Pressure 

PSI 

bar 

N 

n 

Rotational  Speed 

RPM 

RPM 

W 

w 

Power 

Horsepower 

Ki lowatt 

n 

d 

Displacement 

> 

'  \ 

m 

cc  per  rev 

e 

Temperature 

°F 

°C 

5,2  Identifier  Subscript  Symbols 


Symbol 


Meaning 

Ideal,  based  on  design  info  rather  than  test  data 
Input 

At  base  Conditions 
Total  or  Overal 1 
Output 

Volumetric  Used  with  efficiencies  only 
Mechanical 

Leakage  or  loss,  depending  upon  associated  Quantity 
Symbol 

Actual,  based  on  test  data  as  opposed  to  ideal 
Pump 

Differential  Used  for  pressure  only 

Average 

Effective 


6.  UNITS 

6.1  The  International  System  of  Units  (SI)  is  used  in  accordance  with 
Reference  No.  5. 

6.2  Approximate  conversions  to  "customary  US"  units  are  given  for 
Information  purposes.  These  appear  in  parentheses  after  their  SI 
counterpart,  or  separate,  as  in  the  case  of  formulas  and  graphs. 
Conversion  is  based  upon  the  "total  implied  precision”  principle. 

h.T  Use  the  SI  units  on  a  1  1  graphs  and  data.  (The  use  of  customary  P'. 
equivalents  1 s  optional. 


-7- 
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7.  GENERAL  PROCEDURES 

7.1  Pumps 

7.1.1  Select  and  set  up  all  test  apparatus  per  section  8. 

7.1.2  Run  all  tests  per  section  10. 

7.1.3  Using  data  from  section  10,  make  calculations  per  section  11. 

7.1.4  Using  data  from  section  10  and  calculations  from  section  11, 
present  data  per  clauses  12.1  and  12.2. 

8.  TEST  EQUIPMENT  SELECTION  AND  GENERAL  SET-UP 

8.1  For  the  Power  Conversion  Tests,  set  up  the  circuit  as  in  Figure  1. 

8.2  Fluid 

8.2.1  Select  a  fluid: 

8. 2. 1.1  Which  Is  Newtonian,  that  is,  one  that  does  not  contain 
polymeric  materials  used  as  thickeners  or  viscosity 
Index  improvers. 

8. 2. 1.2  Which  has  viscosity  characteristics  which  are  within  the 
limits  shown  in  Table  1  or  Table  2. 


.  p_ 


^  -  •*-  - 


T3.9. 17R1 
Draft  #5 
20  March,  1980 

TABLE  1 


US  UNITS 


Viscosity  must  be 
between  these  limits 

i 

SAE 

Ml L-L-21 U4 

i  Recommendation  on  Usage 

At  1 04°F 

At  2 1 2 c 

’F 

Grade  j 

Grade 

160  and  240 
SUS 

46  and 
SUS 

51 

i 

10  1 

10 

,  1 

!  Preferred  1 

240  and  460 
SUS 

51  and 
SUS 

58 

| 

-  20  1 

Not  Preferred 

460  and  725 
SUS 

48  and 
SUS 

69 

t 

.  30  ; 

30 

i  Not  Preferred 

725  and  1050 

SUS 

69  and 
SUS 

85 

I 

h  r 

_ 40 

40 

Not  Preferred 

1050  and 

1650  SUS 

85  and 
SUS 

no 

50 

50 

Not  Preferred 

TABLE  2 


ISO  UNITS 


Viscosity  In  CST  mut  be 
between  these  limits 

r 

Ml L-L-21 04 

J 

!  Recommendation  on  Usage 

l 

At  40°C 

At  100°C 

■ 

'  G^ade 

34-51  ! 

6.0  -  7.6 

i°  , 

1  10 

Preferred  ! 

51  -  99 

7.6  -  9.6 

20 

;  n/a 

Non  Preferred 

99  -  156 

9.6  -  12.7 

30 

j__  30 

1  Non  Preferred 

156  -  226 

12.7  -  16.8 

40 

40 

Non  Preferred  1 

226  :  356 _ ^ 

16.8  -  22.7 

_ 50 _ 

L _ 50  . 

Non  Preferred _ 

8. 2. 1.3  Which  Is  "Not  Preferred"  onlj'  when  the  pump's 

Manufacturer  declares  that  the  preferred  viscosities  are 
too  low  for  the  safety  of  th^  pump. 

8.2.2  Verify  the  viscosity  bv  "easur-inq  i*  in  accordance  with 
Reference  No.  8. 


-q. 
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8.2.3  Filtration:  The  position,  number  and  specific  description  of 
filters  used  In  the  test  circuit  shall  provide  a  standard  of 
filtration  approved  by  the  pump  manufacturer  and  shall  be 
stated.  (27  March,  1979) 

8.3  Working  Instruments 

8.3.1  Select  Working  Instruments  which  meet  the  requirements  of  the 
applicable  annexes  to  this  standard  (Note:  NFPA/T2.12  and 
IS0/TC- 1 31/SC-8/WG-3  are  developing  these  annexes). 

8.4  Pressure  Taps 

8.4.1  Select  a  pressure  tap  which  can  be  evaluated  in  accordance  with 
the  applicable  Annexes  to  this  standard. 

8.4.2  Install  the  pressure  tap  in  locations  which  agree  with  Figure  1. 


8.5  Size  and  select  all  other  test  equipment  to  be  compatible  with  the 
applicable  limits  entered  on  the  Designated  Information  Sheet. 

8.6  Install  necessary  safety  devices  to  protect  both  equipment  and 

personnel . 

8.7  Use  plumbing  and  circuit  construction  techniques  to  ensure  that  no 
entrained  air  enters  the  pump  inlet  port. 

8.7.1  Use  Inlet  plumbing  which  is  the  same  size  as  that  which  the 
pump  has. 

8.7.2  There  can  be  no  changes  in  inlet  plumbing  size  within  10 
inlet  pipe  inside  diameters. 


PRE-TEST  DATA 

9.1  Power  Conversion  Test 


9.1.1 

9.1.2 

9.1.3 
9.1  .4 


Using  fluid  and  pump  manufacturers'  information,  determine 
Items  1  through  8B  on  the  Designated  Information  Sheet. 

Measure  the  viscosity  of  the  fluid  in  accordance  with  Reference 
No.  8;  record  on  8C  of  the  Designated  Information  Sheet. 

Determine  the  viscosity  Index  In  accordance  with  Reference  7; 
record  or  8D  of  the  Designated  Information  Sheet. 


Determine  the  Target  Values  using  both  pump  manufacturer's 
Information  and  the  following  selection  criteria: 


9.1 .4.1 


For  variable  displacement  pumps,  use  100%, 
and  25%  of  maximum  geometric  displacement, 
the  displacement  values  on  line  9A  of  the 
Information  Sheet,  for  fixed  displacement 
100%  only 


75%,  50% 
Enter 
Designated 
pumps,  use 
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9.1 .4.2 


For  shaft  s seeds,  use  1001,  80% ,  60%,  40%  and  20% 
of  rated  speed.  Enter  these  speed  valjes  on  Line 
98  of  the  Designated  Information  Sheet. 


For  inlet,  pressures,  use  trie  manufacturer' s  recommended 
m-nimurr.  Enter  this  pressure  value  on  Line  9C  of  the 
Designated  Information  Sheet. 


9. 1.4. 4  For  outlet  pressures,  use  100%,  80%,  60%,  40%,  20%  of 

base  pressure  and  minimum  output  pressure.  Minimum  output 
pressure  must  be  less  than  10%.  of  rated  pressure.  Enter 
these  pressure  values  on  Line  9D  of  the  Designated 
Information  Sheet. 


9. 1.4.5  Using  the  standard  viscosity  chart  of  the  fluid 
selected  in  clause  8.2.1  2,  determine  the  upper 
and  lowen  target  values  for  temperature  so  that 
the  two  Ta*'.jef  Viscosities  meet  the  requirements 
as  given  on  sue  applicable  line  below 


AH  L  l 


SAE 

Grade  of  ' 
Fluid 

M1L-L^TC4 
Grade  o* 
j  Fluid 

Low  Temperature 
Target  viscosity 
,  in  CST  { SUS ] 

j 

High  Temperature 

Target  Viscosity 
in  CST  (SUS) 

10 

i  10 

i  27.4  (130) 

9.9  (59)  I 

20 

!  N/A 

... 

1 

30 

30 

70.1  (325) 

' 

18.0  (90)  j 

.  _40 .  , 

i  40 

4_ 

25.0  (120) 

1 

SO _ _ 

r 

DO 

"  j j 

\ 

33.9  (160) 

I  *  P 


■ot.h  resulting  temperatures  on  Line  9E 
'I'  ared  1 1  forma  tier  Sheet  as  the  two 
e."  ♦  r  the  Power  Conversion  Test. 


ap'j’  m.able  Target  Viscosities  or 


a  ted  I n i  ora  t  ion  Sheet. 


F  f St/ mate  * he  ■  ' 
,  v*  p  q  *  -  •>  • ...  "» 

t*  r  ♦  ;  -yi  >  i .  r;  *•  .  i  ' 

that  at  to  a  •  ‘ ■ 


■  > :  * •  •'  Va'ces  of  the  Test  Variables 

.v  Nof'-o  'he  formulas  are  only 
g  ■'  o.i :  pment ,  they  do  not.  assure 
‘ s  w  '  '  be  at n ' eved ) : 


.  i . r _•  ‘  On !.  1  e  t  flow,  us* 


"jr  Jsh'acemenO  -  'Rated  Speed]  cpv 


n 


■l-'.  -  ",  1  'V  ■  ■■ 


v 


T - , 


l 


I 

I 


I 

<  • 


l 


"  ’  ■.  ■  ■ — v  1  y  »  "  i  -  w-  v  *  r*  w 
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9. 1.5. 2  For  Input  Torque,  use 

j  -  1-1  x  (Rated  Pressure)  x  (Design  Displacement) 

maX  2” 

Enter  this  value  on  Line  1 o3  of  the  Designated 
Information  Sheet. 

9.1.5. 3  For  Case  Drain  Flow,  use  2oi  of  Maximum  Expected 
outlet  flow.  Enter  this  value  on  Line  10C  of  the 
Designated  Information  Sheet. 

9. 1.5. 4  For  Input  Power,  use 


U  =  <Sated  Sf>eed)  *  Tmax 
max  -  6  3024  HP 


Enter  this  value  on  Line  10D  of  the  Designated 
Information  Sheei. 


9.2  Evaluation  of  Measurement  Error 

9.2.1  Evaluate  the  Measurement  Error  in  accordance  with  the  applicable 
Annexes  of  this  Standard  (Note:  NFPA/T2.12  and  ISO/TC- 131 /SC-8/ 
WG-3  are  preparing  these  annexes).  Enter  on  Desig.  In*o.  Sheet. 

9.2.2  Using  Table  4: 

9.2.2. 1  Select  a  Measurement  Accuracy  Class  for  each  measured 
variable. 

9. 2. 2. 2  Using  the  “Basis/Units"  column  in  Table  4  and  the 
specific  conditions  of  this  test,  determine  the 
Maximum  Allowed  Error  In  the  units  of  measure  as  follows: 


A. 

B. 

C. 

D. 

E. 

F. 


Shaft  Speed  MAE  = 

(Maximum  Test  Speed)  x  (%  From  Table  4) 

ToT 

Inlet  Pressure  Below  Atmosphere  MAE  = 

Selected  Value  from  Table  4 

Inlet  Pressure  Below  Atmosphere  or  up  to  1  bar  above 
Atmosphere  MAE  = 

Selected  value  from  Table  4 

Outlet  Pressure  MAE  = 

(Maximum  Test  Pressure)  x  (%  From  Table  4) 

Inlet  Temperature  MAE  = 

Selected  Value  from  Table  4 

Outlet  Flow  MAE  = 

(Maximum  Test  Flow)  x  (%  From  Table  4) 

-sj-QO 
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G.  Input  Torque  MAE  - 

(Maximum  Test  Torque)  x  {%  From  Table  4) 

TOO' 

H.  Case  Drain  Flow  MAE  = 

(Maximum  Test  Case  Drain  Flow)  x  [%  From  Table  4] 


9.2.2. 3  Enter  the  above  values  on  the  corresponding  lines  of 
section  11  of  the  Designated  Information  Sheet  under 
the  column  headed  "Max  Allowed  Error". 

Please  Take  Notice:  When  Maximum  Allowable  Error 
is  evaluated  correctly,  the  values  are  in  the  units  of 
measure,  not  percentages. 

9.2.3  Compare  the  Maximum  Allowable  Errors  from  9.2.2  to  the  Actual 
Measurement  Error  from  9.2.1.  If  the  Actual  exceeds  the 
Allowable,  then  a  different  Class  of  Accuracy  must  be  selected, 
or  a  different  measurement  method  must  be  employed. 


TABLE  4 

MEASUREMENT  ACCURACY  REQUIREMENTS  FOR  POWER  CONVERSION  TESTING  OF  A  HYDRAULIC  PUMP 

(19  September,  1979) 


~T'~  '  T  ' 

i  ! 
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'  t  S I  ON  ATE  0  INFORMATION  SHEl' 

HYDRAULIC  FLUID  POWER  PUMP  TESTS  NEPA  13.9.17 


1  .  Manufacturer: _ _ 

2 .  Model : _ _ _ 

3.  Serial  No.  :  _ ___ _ 

4.  Pumping  Principle: _ _ _ 

5.  Rated  Pressure: _ 

6.  Rated  Speed: _ _ _ _ _ 

7.  Design  Displacement: _ 

8.  Fluid: _ _ 

A.  Manufacturer: _ 

3.  Type: _ _ _ _ _ 

C.  Viscosity  at  100°F: _ 

D.  Viscosity  Index  :  _ _ _ 

E.  Additives: _ _ _ 

F.  Specific  Gravi ty : _ 

G.  Bulk  Modulus  : _ i _ 

H .  Temp  Coef  of  Expansion : _ _ 

9.  Target  Values  -  Power  Conversion  Test 


A. 

B. 

r 

0. 

E. 

F. 

Displacements:  100%  = 

.  75%  = 

,  %50  =  ,  25%  - 

Shaft  Speeds:  100%  =  , 

rm%  =  ,  60% 

3  40%  =  ,  20%= 

Inlet  Pressures: 

Outlet  Pressures:  100%  = 

oo 

8 

U 

rso% 

40%  =  .  20%  = 

,  Min  3 

<  10%  Rated  Pressure 

Inlet  Fluid  Temperatures : 

Viscosities: 

G. 

Directions  of  Rotation: 

Maximum  Expected  Values  of  the  Test  Variables  - 

Power  Conversion  Test 

A. 

Outlet  Flow: 

B. 

Input  Torque: 

c . 

Case  Drain  Flow: 

J. 

Input  Power: 

11.  Error  Evaluations  -  Power  Conversion  Test 
Parameter 


A.  Shaft  Speed 

B.  Inlet  Pressure  (Low) 

C.  inlet  Pressure  (High) 

D.  Outlet  Pressure 
£.  inlet  Temperature 

F.  Outlet  Flow 

G.  Input  Torque 

H.  Case  Drain  Flow 

12.  Total  Number  of  Observations : 

13.  Testing  Agency: _ __ 


Measurement 

Class 


Max.  Al lowed 

Measurement 

Error (From  Table  4) 


actua i 

Measurement 

Error  ( From  Cl .  9.2 


I 


« 
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PUMP  TEST  PROCEDURES 

10.  i  Install  the  test  pump  in  tne  test  rig  shown  in  Figure  1. 

10.2  Break-in  the  pump  in  accordance  with  manufacturer's  recommendations. 

10.3  Power  Conversion  Test 

10.3.1  Iterate  parameters,  ie,  speed,  inlet  pressure,  outlet 
pressure,  inlet  temperature  and  pump  displacement  through 
all  applicable  Target  Values  as  recorded  on  the  Designated 
Information  Sheet  and  in  all  applicable  combinations. 

10.3.2  Control  the  individual  Target  Values  within  the  limits  required 
in  Table  5  (Note:  tor  variable  displacement  pumps  it  is 
recommended  that  displacement  be  the  slowest  changing  parameter 
in  order  to  minimize  tne  problem  of  returning  to  a  given 
Target  Value  after  changing  displacement  and  further,  it  is 
recommended  that  the  stroking  control  be  locked  into  a  position 
for  a  given  Target  Value). 

10.3.3  Record  data  per  Chart  2  for  all  individual  combinations  of 
Target  Values. 

10.3.3.1  Do  not  record  Target  Values,  instead  record  their 
corresponding  actual  measured  values  of  the  Parameters. 

10.3.3.1.1  For  pressure  Target  Values,  be  sure  to 
set  the  outlet  gauge  pressure  to  a  value 
that  puts  the  pump  differential  pressure 
to  the  Target  Value.  This  will  depend 
upon  the  inlet  pressure  at  each  observation 

10.3.3.2  Take  readings  only  after  all  parameters  and  test 
variables  have  stabilized  within  the  limits  of 
Table  5  for  at  least  5  seconds. 


TABLE  5  -  PARAMETER  REGULATION  REQUIREMENTS 
HYDRAULIC  FLUID  POWER  PUMP  TESTS 


I 


cu  rta  j  »  i 


I 


( 


! 


17 


HYDRAULIC  FLUID  POWER  PUMP  TEST 
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PUMP  CALCULATIONS 

11.1  When  the  optional  flowmeter  location  downstream  of  the  load  valve 
Is  used  (see  figure  1),  flow  data  may  have  to  be  corrected  to  the 
pump  outlet  using  the  following  formula: 


Explanation  of  symbols: 


Q  is  the  effective  flow  at  the  high  pressure  outlet  port, 
oe 

Qpis  the  flow  as  measured  in  the  optional  location. 

P  is  the  measured  outlet  pressure, 
o 

Pp  is  the  inlet  pressure  to  the  flowmeter. 

Ky  is  the  isothermal  secant  bulk  modulus  as  supplied  by  the  fluid 
manufacturer. 

Y  is  the  cubic  coefficient  of  thermal  expansion  as  supplied  by  the 
fluid  manufacturer. 

The  correction  formula  must  be  applied  if,  when  the  difference  between 
QQe  and  Qj-  is  added  to  the  Actual  Measurement  Error,  the  result  exceeds 

the  Maximum  Allowable  Error.  If  the  Maximum  is  not  exceeded,  then 
the  correction  is  not  necessary  then: 


11.2  In  order  to  compensate  for  the  inevitable  fact  that  Target  Values 

cannot  be  perfectly  acquired  during  the  test  and  further,  to  compensate 
for  the  graphical  i rregulari ties  which  accompany  imperfect  target 
acquisition,  it  is  permissible  to  adjust  the  torque  and  flow  data 
to  values  that  would  have  existed  had  target  acquisition  been  perfect, 
tne  following  formulas  apply  as  first  approximations: 

^Adj  ^oe  x  ^Target 

N,  „  , 

Actual 

which  applies  only  if  the  actual  speed  differs  from  the  Target 
Speed  by  no  more  than  10%  of  Maximum  Test  Speed,  and 

T  *  T  x  P 
Adj  oe  Target 

P”~ 

Actual 

which  applies  only  if  the  actual  pressure  differs  from  the  Target 
pressure  by  no  more  than  5%  of  the  maximum  test  pressure. 
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11.3  Calculate  the  pump  input  power: 

Wj  (Watts)  "  0.105  T, (n-m)  x  Nj(rpm) 

W,  (HP)  *  T,  (iri-lb)  x  N, (rom)/63024 

11.4  Calculate  pump  output  power: 

WQ  (Watts)  -  1.67  x  [PQ  -  Pj](bar)  x  (JQe ( L/ Mi n ) 

WQ  (HP)  =  [PQ  -  Pj ](psi )  x  Q0e(gpm)/1714 

11.5  Calculate  overall  efficiency 


11.6  Determine  the  Actual  Displacement 

11.6.1  Separate  Power  Conversion  Test  data  by  displacement  and 
temperature,  that  is,  so  that  each  individual  displacement- 
temperature  combination  forms  a  single  block  of  data.  For 
each  of  those  blocks,  carry  out  the  following  three  steps: 

11.6.1.1  Calculate  the  Simple  Displacement: 

Simple  Displacement  (cc/rev)  - 

1000  x  0oe(L/Min)/Nf (rpm) 

Simple  Displacement  (cu-in/rev)  = 

231  x  Qoe(gpm/NI(rpm) 

for  all  observations  in  each  of  the  data  blocks 
formed  In  11.6.1. 

11.6.1.2  Scan  all  data  in  each  block  and  select  the  maximum 
value  of  the  Simple  Displacement  as  the  Actual 
Displacement: 

Da  *  Max  [Simple  Displacement] 

d 

11.6.1.3  Repeat  11.6.1.1  and  11.6.1.2  for  each  temperature- 
displacement  data  block 

11.7  Determine  the  Volumeteric  Efficiency: 

11.7.1  For  each  displacement-temperature  combination,  calculate  the 
Ideal  Flow  using  the  displacement  found  in  11.6.1.2: 

QQ.j(L/Min)  *  Da(cc/rev)  x  Nj(rpm)/1000 
Qof (gpm)  »  Da(cu-1n/rev)  x  Nj(rpm)/1000 
for  each  observation. 
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11.7.2  Calculate  the  Vo  l  umetM  i  Efficiency. 


11.7.3  Determine  fe  volumetric  efficiency  at  the  base  operating 
condi t i on ' 

H  =  n 

Vb  "oeb 


where  Q  is  the  effective  output  flow  at  base  conditions 
oeb 

and  Q  -b  is  Ideal  rlow  calculated  using  base  speed. 

1.7.4  Determine  the  volumetric  efficiency  at  the  base  operating 
condi ti on : 


where  Qoat  is  the  actual  flow  when  the  pump  was  operated 

under  the  condition  of  rated  speed,  rated  temperature, 
maximum  displacement,  rated  inlet  pressure  and  rated 
outlet  pressure;  QQib  is  the  ideal  flow  at  base  condition 

which  was  found  in  11.7.1  using  rated  speed  for  Nj . 

11.8  Determine  the  Mechanical  Efficiency: 

11.8.1  For  each  displacement  setting,  calculate  tne  Ideal  Input 
Torque  using  the  displacement  as  determined  in  11.6.3: 

T..(n-m)  1  D  (cc /rev)  x  [P  -  P. ](bar)/2000n 

I  1  <5  0  1 

Tl^(in-lb)  3  Da(cu-i n/rev)  x  [PQ  -  Pj](psi)/2ir 

where  P  and  P7  are  measured  values  taken  from  the  Power 

o  I 

Conversion  Test  and  Pj  is  a  negative  value  when  the  inlet 
pressure  is  'below  atmospheric. 

11.8.2  Calculate  the  Mechanical  Efficiency: 

HM  =  TIi 
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11.8.3  Determine  the  Mechanical  Efficiency  at  the  base  operating 
condl t i on : 

HM  =  1 1 1 b 
‘  lab 

where  T,  Is  the  actual  torque  measured  when  the  pump  was 
lao 

operated  under  the  condition  of  rated  speed,  rated  temperature, 
maximum  displacement,  rated  inlet  pressure  and  rated  outlet 
pressure,  is  the  ideal  torque  which  was  found  in  11.8.1 

using  rated  values  for  Pq  and  P,. 

12.  TEST  DATA  PRESENTATION 

When  describing  pump  performance  in  accordance  with  this  standard,  the 
following  data  shall  be  provided. 

12.1  Provide  all  information  contained  on  the  Designated  Information  Sheet. 

12.2  Provide  all  test  data  results  as  described  in  12.2.1  and  12.2.2 

12.2.1  For  each  displacement  setting,  plot  graphically  (see  figure  2) 
pump  performance  versus  pump  pressure  differential  (P0  -Pj) 

at  a  constant  pump  speed  (Nj). 

12.2.1.1  Overall  efficiency  (H^)  versus  pressure 
differential  (Pq  -  Pj)  with  test  temperature  (e) 
as  a  parameter. 

12.2.1.2  Flow  output  (Qq)  versus  pressure  differential 

P  -  Pj)  with  test  temperature  (e)  as  a  parameter. 

12.2.1.3  Horsepower  input  (Wj)  versus  pressure  differential 
(P0  "  Pj)  with  test  temperature  (e)  as  a  parameter. 

12.2.1.4  Repeat  12.2.1  for  each  displacement  setting  and 
pump  speed  combination. 

12.2.2  For  each  displacement  setting,  plot  graphically  (see  figure  3) 

pump  performance  versus  pump  speed  (N.)  at  a  constant  test 
temperature  (e)  1 

12.2.2.1  Flow  output  (Qq)  versus  pump  speed  (Nj)  with  pressure 
differential  (P  -  Pj )  as  a  parameter. 

12.2.2.2  Overall  efficiency  (H^)  versus  pump  speed  ( N j ) 

with  pressure  differential  (Pq  -  P  )  as  a  parameter. 

12.2.2.3  Horsepower  input  (Wj)  versus  pump  speed  (Nj)  with 
pressure  differential  (PQ  -  Pj)  as  a  parameter. 
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12.2.2.4  Repeat  12.2.2  for  each  o i splacement  setting 
and  test  temperature  combination. 

12.3  Graphing  of  several  variables  on  one  set  of  axes  is  allowed. 

14.  IDENTIFICATION 

The  use  of  the  following  statement  in  catalogues  and  sales  literature 
prepared  by  those  electing  to  comply  with  this  voluntary  standard  is 
strongly  recommended: 

14.1  "Performance  data  obtained  and  presented  per  NFPA  Recommended  Standard 
T3.9.17-19XX" . 
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*  If  positive  inlet  pressures  are  required,  the  supercharge  pump  can  be  used. 

If  very  low  Inlet  pressures  are  required,  only  the  load  valve  may  be  necessary. 

Note  1:  See  clause  8.2.3  for  filtration  requirements 

Note  2:  When  the  Optional  Flowmeter  position  is  used,  it  may  be  necessary  to 
correct  for  differences  in  pressure  between  the  preferred  and  optional 
positions.  See  Clause  11.1  for  specific  procedures  and  criteria. 
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